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THERE  is  a  very  fine  Fluid,  of  the  fame  na¬ 
ture  with  Air,  but  extremely  more  fubtile  and 
elaftic,  according  to  Sir  Ifaac  Newton ,  every 
where  difperled  through  all  Ipace,  which  in  his  Optics 
he  calls  /Ether . 

This  fEther  is  much  rarer  within  the  denfe  Bodies  of 
the  Sun,  Stars,  Planets,  and  Comets,  than  in  the  empty 
celeftial  fpace  between  them  ;  and  in  palling  from  them 
to  great  diftances,  it  grows  denfer  and  denfer  perpetu¬ 
ally,  and  thereby  caufes  the  gravity  of  thofe  bodies  to¬ 
wards  one  another,  and  of  their  parts  towards  the  bo¬ 
dies  every  body  endeavouring  to  go  from  the  denfer 
parts  of  the  aether  towards  the  rarer . 

The  earth,  therefore,  is  furrounded  every  where  by 
this  aether  to  a  very  great  diftance,  in  confequence  of 
which  the  air  and  all  bodies  in  it  gravitate  towards  the 
earth,  and  towards  each  other,  agreably  to  the  appear¬ 
ances  at  the  furface  of  it. 
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This  aether  likewife  pervades  the  pores  of  all  bodies, 
and  lies  hid  in  them  :  and  whilft  the  bodies  with  this 
fluid  in  them  are  left  to  themfelves,  (undid: urbed  by  any 
external  violence)  this  fluid  from  its  elaftic  nature  con¬ 
forms  itfelf,  as  to  its  degree  of  denfity,  to  the  particular 
make  of  that  body  it  is  in.  e.  gr.  It  is  not  fo  denfe  in 
denfe  bodies,  as  in  rare  ones. 

Whence  it  feems  to  follow,  that  every  body  we  have 
it  in  our  power  to  make  any  experiment  upon,  has  na¬ 
turally  within  it  (before  it  is  difturbed  by  our  experi¬ 
ment)  one  certain  quantity  of  this  fluid,  in  fuch  a  ftate 
of  rarity  or  denfity,  as  is  moft  agreable  to  the  nature 
of  each  particular  body. 

And  hence  it  feems  reafonable  to  conclude,  that  there 
will  naturally  arife  fome  refiftance  to  every  endeavour, 
that  is  made,  any  how  to  alter  the  degree  of  denfity  in 
the  whole  of  any  body,  or  in  any  particular  part  of  it. 

And  hence,  that  it  will  require  fome  degree  of  force 
to  alter  the  natural  quantity  of  this  fluid  contained  in 
every  particular  body;  and  more  or  lefs  force  according 
to  the  nature,  and  make  of  each. 

Nov/,  as  it  is  univerfally  agreed  among  thofe,  who  are 
moft  converfant  with  electrical  experiments,  that  the 
appearances,  which  occur  in  thofe  experiments,  arife 
from  the  force  and  aftion  of  a  fluid  of  the  fame  elaftic 
nature,  communicating,  and  freely  palling  in  and  out 
at  the  furface  of  the  earth,  and  pervading  likewife  the 
pores  of  bodies :  and  as  the  cleared:  definition  of  what 
we  mean,  when  we  fay  a  body  is  electrified,  is  this,  that 
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either  the  body  has  by  the  force  of  the  experiment  made 
in  order  to  ele&rify  it,  been  forced  to  part  with  a  (hare 
of  this  electrical  fluid,  that  naturally  belonged  to  it 
during  the  experiment,  and  to  remain  without  it  fome- 
time  after  the  experiment  is  over :  or  to  admit  more 
than  it  naturally  had  within  it,  during  the  experiment, 
and  to  remain  fo  overloaded,  fome  time  after  the  expe¬ 
riment  is  over :  it  will  be  worth  our  while  to  enquire 
whether  this  eleftrical  fluid,  and  the  aether,  be  not  one 
and  the  fame  fluid. 

In  order  to  be  fatisfied  in  this  point,  let  us  fee  in  what 
manner  different  bodies  are  thus  obliged,  on  being  elec¬ 
trified,  either  to  part  with  fome  of  this  fluid,  or  to  re¬ 
ceive  more  of  it. 

Now  from  a  very  great  variety  of  experiments,  there 
is  evident  proof  given,  that  there  is  a  refiftance  made  by 
all  bodies  againft  the  admiflion  of  any  more  of  this 
electrical  fluid  into  them,  than  what  naturally  belonged 
to  them. 

2°  That  there  is  a  refiftance  likewife  made  againft 
any  of  this  eleCtrical  fluid’s  getting  out  of  all  bodies,  and 
confequently  to  any  diminution  of  their  natural  quan¬ 
tity. 

3°  That  this  refiftance  is  greater,  and  lefs  in  diffe¬ 
rent  bodies. 

4°  That  there  is  a  limit,  beyond  which  we  cannot 
encreafe  or  diminifh  the  natural  quantity  of  this  eleftri- 
,cal  fluid,  in  each  particular  body. 
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5°  That  when  we  have  thus  changed  the  natural 
ftate  of  this  fluid  within  any  body,  whether  by  encreaf- 
ing  or  diminifhing  its  quantity,  or  any  other  way  ; 
there  is  a  refiftance,  greater  or  lefs  according  to  various 
circumftances,  made  to  the  fluid’s  returning  to  its  natu¬ 
ral  ftate  again  within  that  body. 

6°  and  laftly,  That  there  mu  ft  therefore  be  fome  ac¬ 
cidental  or  defigned  affiftance  given  from  without  (inde¬ 
pendent  on  the  body  and  the  electrical  fluid  contained 
within  it)  before  they  can  return  to  their  natural  ftate 
again. 

With  regard  to  the  different  refiftances  which  are 
made  by  different  bodies,  againft  being  electrified,  or 
uneleCtrified  ;  from  a  great  variety  of  experiments,  very 
carefully  made,  we  may  depend  upon  the  truth  of  the 
following  obfervations,  viz. 

i°  That  Glafs,  Wax,  Rofin,  Brimftone,  and  fuch  like 
bodies,  refift  the  moft,  provided  they  are  of  a  fufficient 
thicknefs :  and  Silk,  Hair,  &c.  provided  they  are  of  a 
fufficient  length. 

2°  That  next  to  thefe  fort  of  bodies  the  Air  refills 
moft,  provided  there  be  a  fufficient  quantity  of  it,  and 
it  be  clear  and  free  from  vapours. 

3°  That  this  refift ance  is  weakeft  in  Metals,  Mine¬ 
rals,  Water,  Quickfilver,  Animals  and  Vegetables,  and 
at  the  furface  of  the  Earth. 

But,  laftly,  that  the  refiftance  in  thefe  laft  mentioned 
bodies  is  greater,  when  their  furfaces  are  polilhed  and 

extended 
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extended  in  length,  and  the  electrifying  power  aCts  on 
the  middle  of  thefe  furfaces  :  and  lefs,  when  their  fur- 
faces  are  rough  and  fhort  or  end  with  fharp  points  or 
edges,  and  the  electrifying  power  aCts  at  thofe  ends. 

Thefe  faCts,  I  believe,  are  fo  well  known  at  prefent, 
that  it  feems  unneceffary  to  repeat  any  of  the  experi¬ 
ments  from  whence  they  were  deduced.  And  I  fhall 
only  obferve,  that  I  have  ranged  Animals,  Minerals, 
Metals,  Vegetables,  &c.  in  one  clafs,  becaufe  there  is 

fo  very  little  difference  in  their  refinance,  that  it  is  not 

* 

worth  notice. 

Now  from  this  variety  in  the  refinances  made  by 
different  bodies  to  being  eleCtrified,  as  well  as  to  their 
returning  again  to  their  natural  ftates ;  there  feems  to 
be  fufficient  direction  afforded  us,  how  to  difpofe  the 
body  we  want  to  try  any  experiment  upon,  in  the  man¬ 
ner  moft  fuitable  to  the  end,  we  propofe  in  making  the 
experiment. 

For  example,  Have  I  a  mind  to  eleCtrify  a  bar  of  iron 
fo  that  it  fhall  make  a  very  great  refiftance  to  being  un- 
eleCtrified,  or  to  returning  again  to  its  natural  ftate ;  I 
confider  that  filk  lines  of  a  fufficient  length,  kept  clean 
and  dry,  refift  being  eleCtrified  very  ftrogly  ;  and  that 
air  likewife,  when  it  is  dry  aud  free  from  vapour,  does 
the  fame :  and  therefore  that  a  bar  of  iron  fufpended 
carefully  by  filk  lines,  furrounded  by  air  at  a  proper 
diftance  from  other  bodies,  is  difpofed  of  in  the  bell 
manner  to  remain  eleCtrified  ftrongly,  after  it  is  once 
eleCtrified. 
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And  the  reafon  of  this  is,  that  the  fluid  within  the 
bar  cannot  return  to  its  natural  ftate  without  part  of 
it  is  thrown  out  of  the  bar  ;  but  the  filk  lines,  by  wdiich 
it  is  fufpended,  and  the  clean  dry  air,  with  which  it  is 
every  where  furrounded,  refill  the  admiffion  of  this 
fluid  within  them  the  ftrongeft  of  molt  bodies :  and 
therefore  when  the  bar  is  once  ele&rified,  it  is  thus 
difpofed  in  the  properelt  manner  to  remain  fo,  as  all 
the  bodies  contiguous  to  it,  will  not  admit  any  of  this 
fluid  into  them,  but  with  the  greateft  difficulty. 

In  the  next  place,  I  confider  that  a  more  extended 
furface  refills  more  than  one  lefs  fo,  and  that  bodies 
ending  with  points  hardly  refill  at  all ;  and  confequently, 
that  I  fhould  choofe  a  bar  of  iron  extended  in  length, 
and  having  its  ends  fhaped  into  fpherical  forms,  or 
ending  with  large  knobs. 

And  laflly,  I  confider,  that  if  I  take  care  to  have  a 
high  polifli  given  to  the  bar,  I  fhall  Hill  give  a  greater 
power,  when  once  it  is  electrified,  to  refill  being  un- 
eleClrified  :  which  I  have  fuppofed  to  be  the  drift  of  my 
experiment. 

But  now  I  have  thus  made  choice  of  the  moll  proper 
bar,  and  difpofed  of  this  bar  in  the  bell  manner  in  or¬ 
der  to  produce  the  greatell  effeft  when  it  is  made  to  re¬ 
turn  to  its  natural  Hate ;  I  have  evidently  placed  it  in 
the  moll  difadvantageous  circumllances  for  eleftrifying 
it :  for  the  filk  lines,  and  the  quantity  of  air  furround¬ 
ing  it,  and  the  particular  fhape,  and  polifh  of  the  bar. 
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are  all  of  them  equal  impediments  to  any  of  this  fluid’s 
forcing  itfelf  into  the  bar,  as  they  are  to  its  forcing  it- 
felf  out. 

But  the  fame  way  of  arguing  will  lead  us  to  the 
eafieft  way  of  electrifying  it,  in  thefe  disfavourable  cir- 
cumltances. 

Firft,  I  consider  that  a  furface  but  little  extended  re- 
fifts  lefs,  than  one  more  fo  ;  and  therefore,  that  I  fhall 

more  readily  eleCtrify  this  bar  by  taking  off  the  refiftance 

- 

arifing  from  the  air  from  a  fmall  part  of  the  furface, 
than  from  a  larger  one. 

Secondly,  That  as  metals,  efpecially  when  they  end 
in  points,  refill  electrifying  very  little,  and  confequently 
part  with  the  eleCtrical  fluid  molt  eafily ;  I  have 
reafon  to  conclude,  that  if  I  hang  on  to  the  bar  a  fmall 
metal  wire  doubled,  with  its  two  ends  fharpen  d,  and 
reaching  to  the  eleCtrical  machine  fo  as  to  have  thofe 
ends  in  contaCt  with  it,  as  the  part  where  it  is  doubled 
is  in  contaft  with  the  bar,  I  fhall  on  putting  the  ma¬ 
chine  in  motion  molt  readily  electrify  the  bar;  and 
upon  removing  this  wire,  when  the  bar  is  electrified, 
I  fhall  leave  it  in  the  belt  Itate  to  refill  being  uneleCtrh 
lied  again. 

For  this  wire,  with  fharpen’d  points,  refilling  valtly 
lefs  than  the  air  that  furrounds  it,  very  readily  admits 
the  eleCtrical  fluid  flowing  into  it  from  the  machine,  and 
conduCts  it  to  the  bar,  with  which  it  is  in  contaCt, 
and  electrifies  it ;  and  when  the  wire  is  withdrawn, 

the 
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the  air  clofes  over  the  bar,  and  ferves  to  keep  it  electri¬ 
fied. 

Now  the  fame  way  of  reafoning  will  fhow  us  the 
eafieft  way  of  unele&rifying  it  again. 

For  firft,  I  can  take  off  the  refiftance  of  the  air  by 
approaching  any  body  more  capable,  than  the  air,  of 
receiving  the  ele&rical  fluid  from  the  bar,  nearer  and 
nearer  to  it,  even  till  it  comes  into  contaft  with  it. 

Next  I  am  to  confider  what  fhape  I  ought  to  give  this 
body.  If  I  make  it  end  with  a  fharp  point,  it  will  with 
the  greateft  eafe  receive  the  fluid  that  endeavours  to 
get  out  of  the  bar,  as  foon  as  the  equilibrium  begins  to 
be  deftroyed  by  thus  removing  the  refiftance  of  the  air 
from  off  that  point  of  the  bar,  the  point  of  the  body  is 
oppofed  to  :  and  if  I  ftand  upon  the  ground,  whilft  I 
do  this,  I  give  a  free  paffage  to  any  quantity  of  this 
fluid  the  bar  may  have  to  part  with,  into  the  earth. 

But  laftly,  I  am  to  confider,  that  by  thus  making  the 
difcharge  of  this  fluid  fo  eafy,  it  will  begin  to  be  made 
very  early  in  the  approach  of  this  pointed  body,  and 
the  whole  be  done  gradually,  and  without  that  violence 
our  defign  was  to  produce :  becaufe  as  this  pointed 
body  approaches  the  bar,  there  lies  fo  fmall  a  quantity 
of  air  between  the  point  and  the  bar,  that  it  hardly  re¬ 
fills  at  all. 

Confequently,  we  fhould  try  the  experiment  with  fome 
body  that  ends  bluntly  and  is  well  polifhed,  and  bring 
it  at  laft  with  fome  degree  of  quicknefs  within  the 

fphere 
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fphere  of  the  bar's  action  to  reftcre  itlelf*  to  its  natural 
ftate,  in  order  that  it  may  be  forced  to  do  it  at  once, 
and  not  gradually  $  violently,  and  not  with  eafe, 

i  l  ]  ...  j  ~  /  ■  J 

And  the  effects  produced  anfwer  in  all  experiments  of 


this  kind,  which  have  been  made  thus  either  by  chance 

:  '  .  •*  1 -  J 

or  with  defign.  For  in  this  way  the  greateft  fpark  has 
appeared,  the  loudeft  fnap  has  been  heard,  and  the 
ftrongefl  feel  has  been  perceived,  when  the  finger’s  end 


or  knuckle  has  been  made  ufe  of  to  make  the  difcharge. 

How  thefe  effects  are  produced  on  the  palling  of  this 
fluid  fo  forcibly  from  the  bar  through  the  air  to  the 
body  brought  to  it,  it  is  not  my  purpofe  at  prefent  to 


enquire  into :  and  I  fliall  therefore  only  obferve  here, 
that  as  this  manner  of  reafoning  a  priori  is  fo  far  con¬ 
firmed  by  experiment,  we  have  fufficient  encouragement 
to  purfue  it  farther. 

My  defign  therefore  is  to  fee  how  far  the  attending 
to  the  variety  of  thefe  refiftances  at  the  furfaces  of  bo- 

.  I  4-  -  “  '  ' 

dies  will  ferve  us  to  explain  the  particular  appearances 
in  every  particular  experiment,  i.  e .  why  in  fiich  cir- 
cumilances  this  fluid  is  forced  into  a  body,  and  retained 

there ;  and  why  in  other  circumfiances  part  of  it  is 

*  -  •  •  •  '  *-  :  *  .  ■  .  ..  *  • 

thrown  out,  and  cannot  get  in  again  •>  laftly,  in  what 
circumfiances  the  eleflrical  fluid  reflores  itfelf  to  its  na¬ 
tural  ftate ;  and  when  it  will  do  this  at  once,  and  vio- 

-  ,  ■  ’  J  }  .  •*  •  r  JL  :  .  *  i  i.  •  .  .  -  *  *•  *"  ^  \  j  ‘  i  t 

lently ;  and  when  gradually,  and  with  eafe. 

In  the  firfl  cafe,  when  the  body  has  more  of  this 
fluid  forced  into  it  than  it  has  naturally,  it  is  faid  to  be 

j  4 
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electrified  plus  y  and  in  the  other  cafe,  when  part  of  its 
natural  quantity  is  driven  out  of  it,  it  is  faid  to  be  elec¬ 
trified  minus :  and  in  both  of  thefe  ftates  the  body 

fhews  the  ufual  figns  of  being  eleCtrified. 

■ 

I  fhall  begin  with  the  experiments  in  which  bodies 
are  electrified  plus  and  minus . 

Let  us  now  take  a  bar,  that  is  tapered  down  at  each 
end  to  pretty  fharp  points ;  and  placing  it  horizontally 
on  a  tall  drinking  glafs  that  is  clean  and  dry;  fee  what 
effeCts  will  follow  on  bringing  an  excited  tube  within 
the  diftance  of  about  fix  inches  from  the  bar  (more  or 
lefs,  according  to  the  degree  of  force  given  to  the  excited 
tube)  firft  towards  the  middle  of  it,  and  next  towards 
either  of  its  ends. 

In  the  firft  cafe,  the  bar  will  be  eleCtrified  minus ,  and 
in  the  latter  cafe  plus ;  or  in  other  words,  in  the  firft 
cafe,  the  bar,  when  the  experiment  is  over,  will  have 
lefs  of  this  eleCtrical  fluid  in  it  than  naturally  belonged 
to  it,  and  in  the  latter  cafe  more. 

We  fhall  begin  our  explanation  of  thefe  experiments 
with  fome  obfervations  on  the  firft,  where  the  bar  is 
found  to  be  eleCtrified  minus* 

How  we  know  this  will  be  feen  by  and  by. 

Now  if  the  bar  is  eleCtrified  minus >  then  fome  of  this 
fluid,  more  than  was  forced  into  it,  muft  have  efcaped 
out  of  it. 

The  queftion  then  arifes,  at  what  parts  of  the  bar  did 
this  fluid  efcape  ?  and  the  anfwer,  according  to  our  man¬ 


ner 
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ner  of  realbning  is  very  obvious,  viz.  at  the  tapering 
ends  of  the  bar,  which  we  have  obferved  to  refift  the 
exit  of  this  fluid,  through  them,  lefs  than  the  extended 
oppofite  furface  of  the  bar. 

To  be  fatisfied  in  this  point,  bring  a  fecond  bar,  fliap- 
ed  as  the  firft  was,  into  contact  with  the  firft,  end  to 
end,  and  it  will  follow  from  our  way  of  reafoning,  that 
this  fecond  bar  will,  on  repeating  the  experiment,  more 
readily  receive  what  fluid  is  thrown  out  of  the  firft,  than 
the  air  did  before;  and  confequently,  that  the  fluid, 
which  had  before  been  thrown  into  the  air,  will  now 
flow  into  the  fecond  bar. 

And  accordingly,  when  the  firft  and  fecond  bar  are1 
placed  on  two  drinking  glafles,  fo  as  to  make  one  hori¬ 
zontal  line,  touching  one  another  at  their  ends ;  if  an 
excited  tube  be  brought,  as  before,  to  the  middle  of  the 
firft  bar,  the  confequence  will  be,  that  the  firft  will  be 
eledtrified  minus  and  the  fecond  plus. 

To  prove  this ;  before  the  excited  tube  is  withdrawn, 
feparate  the  two  bars  by  moving  the  glafs  which  fup- 
ports  the  fecond  bar :  then  withdraw  the  tube,  and  you 
will  find  that  on  approaching  your  knuckle  to  them, 
they  will  each  of  them  give  the  ufual  figns  of  being 
eledtrified. 

But  if  the  experiment  be  repeated  again,  without  thus 
feparating  them  ;  and  on  withdrawing  the  excited  tube 
they  be  left  for  ever  fo  fliort  a  time  to  themfelves,  nei¬ 
ther  of  them  will  fhew  any  marks  of  being  eledtrified 
on  the  approach  of  the  knuckle  :  becaufe  they  will  each 
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of  them  have  returned  to  their  natural  ftate,  the  fecond 
bar  having  difcharged  its  overplus  of  this  fluid  into  the 
firft,  which  wanted  exactly  as  much  to  make  up  its  de¬ 
ficiency. 

This  may  be  proved  to  the  fight,  by  repeating  the  ex¬ 
periment  thus.  Bring  the  tube,  as  before,  to  the  mid¬ 
dle  of  the  firft  bar,  and  before  the  tube  is  withdrawn, 
feparate  them  :  and  when  the  tube  is  withdrawn,  bring 
them  into  contact  again.  The  event  will  be  this :  A 
fpark  will  be  feen  juft  before  they  come  into  contact ; 
and  afterwards  they  will  give  no  figns  of  their  being  ei¬ 
ther  of  them  electrified  on  the  approach  of  the  knuckle, 
for  the  reafon  already  affigned. 

A  plain  demonftration  this  that  one  is  electrified  minus 
and  the  other  plus ,  for  it  is  very  well  known  to  be  fact, 
that  if  both  had  been  eletrified  plus ,  or  both  minus ,  no 
fuch  fpark  would  have  appeared  on  their  coming  into 
contact,  and  they  would  afterwards  have  given  marks 
of  being  eletrified  on  the  approach  of  a  knuckle  to¬ 
wards  either  of  them.  The  reafon  of  this  will  appear 
by  and  by. 

And  as  it  appeared  above  that  when  the  excited  tube 
was  applied  to  the  end  of  the  bar,  it  electrified  it  plus ; 
it  is  reafonable  to  conclude  that  it  is  the  fecond  bar  that 
is  eletrified  plus>  as  the  fluid  is  forced  into  it  through  its 
end  ;  and  confequently,  that  the  firft  is  electrified  minus, 
as  it  was  when  no  fecond  bar  was  made  ufe  of:  and 
that  the  only  difference  in  the  two  experiments  is  this, 

that 
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that  the  fluid  is  now  thrown  into  the  fecond  bar,  which 
before  was  thrown  into  the  air. 

We  are  next  to  confider  what  happens  at  the  other 
end  of  the  bar,  when  no  fecond  bar  was  ufed.  Now  if 
the  two  ends  be  fuppofed  to  be  equally  tapered  down  to 
points,  their  refiftance  will  be  equally  weak,  and  the 
elaftic  fluid  in  the  bar  being  put  into  a  ftate  of  dilata¬ 
tion  near  its  middle,  will  equally  prefs  both  ways  to  con- 
denfe  or  throw  out  the  fluid,  that  ftands  the  neareft  to 
each  of  its  ends. 

To  try  this,  we  may  vary  the  experiment  by  applying 
in  the  fame  manner  a  third  bar,  fhaped  like  the  others, 
to  the  other  end  of  the  firft,  fo  that  they  may  all  three 
lie  in  one  horizontal  line  3  and  bringing  the  excited 
tube,  as  before,  to  the  middle  of  the  firft  bar,  now  the 
middlemoft  bar. 

The  event  will  be  this :  the  middlemoft,  or  firft  bar, 
will  be  electrified  minus ,  and  the  two  end  ones  plus . 

This  may  be  proved  thus.  As  foon  as  the  excited 
tube  has  produced  its  effeCt,  feparate  the  three  bars  by 
moving  the  two  outer  glades,  and  they  will  each  fepa  - 
rately  fhew  figns  of  being  eleftrified  on  the  approach  of 
the  knuckle. 

Try  the  experiment  over  again,  feparate  them  as  be¬ 
fore  :  hut  now  bring  the  two  outer  bars,  by  moving 
their  glafles,  into  contaCt  at  their  ends  5  and  no  fpark 
will  appear  in  doing  this,  or  at  leaft  a  very  infignificant 
one,  when  they  happen  not  to  have  been  exactly  elec¬ 
trified  equally. 

After 
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After  this,  bring  firft  one  and  then  the  other  of  thefe 
outward  bars  in  the  fame  manner  into  contaft  with  the 
firft,  and  in  doing  this  there  will  appear  fparks,  fuffi- 
cient  to  give  ftrong  proof  of  their  being  ele&rified  :  and 
yet  after  this,  if  you  approach  your  knuckle  to  any  of 
them,  no  figns  will  appear  of  their  being  then  elec¬ 
trified;  thofe  that  had  the  overplus  having  readily  fup- 
plied  the  want  of  this  fluid  in  the  other,  and  the  three 
bars  having  in  confequence  of  this  returned  to  their  na¬ 
tural  ftate* 

Hence  we  may  conclude,  that  the  quantity  of  this  fluid 
which  had  been  thrown  into  the  fecond  bar,  when  only 
two  were  ufed,  was  divided  exaftly  between  the  fecond, 
and  third  bar  in  the  prefent  experiment ;  and  therefore 
in  the  former  experiment,  the  fluid  that  was  driven  out 
of  the  firft  bar  paffed  into  the  fecond,  and  little  or  none 
was  forced  out  at  the  other  end  into  the  air. 

This  is  the  natural  confequence  of  an  elaftic  fluids 
dilating  itfelf,  when  there  is  a  refiftance  to  its  doing  it 
one  way,  and  little  or  none  another  way ;  for  it  will 
moft  certainly  flow  that  way,  where  the  refiftance  is 
leaft, 

W e  may,  from  what  we  have  feen,  be  pretty  well  aft 
lured  that  if  we  cover  thefe  tapering  ends  of  a  Angle  bar 
with  hollow  pieces  of  glafs  that  exactly  fit  them,  we 
fliall  in  all  probability  prevent  the  fluid  from  palling  out 
through  thefe  ends;  and  accordingly  the  experiment 
anfwers.  For  when  the  excited  tube  is  brought  to  the 
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fame  diftance  from  the  middle  of  the  bar,  as  before; 
the  bar,  now  its  ends  are  thus  fortified  with  glafs,  will 
be  eleClrified  plus ,  inftead  of  minus :  which  fhews  how 
much  more  ftrongly  the  extended  furface  of  the  bar, 
oppofite  to  the  excited  tube,  refills  the  fluid’s  efcape, 
than  the  tapered  ends  did. 

So  much  (at  prefent)  for  the  firft  experiment,  in  which 
the  tube  was  prefented  at  a  diftance  to  the  middle  of  a 
Angle  bar,  and  electrifies  it  minus. 

In  the  fecond  experiment,  when  the  tube  was  prefent¬ 
ed  at  the  fame  diftance  to  the  end  of  the  bar,  it  was  elec¬ 
trified  plus,  and  therefore  more  of  this  fluid  was  thrown 
into  the  bar  at  one  end,  than  was  fuffered  to  pafs  out  at 
the  other  :  which  was  reafonably  to  be  expeCted,  as  the 
tube,  aCting  with  no  more  force  than  it  did  before,  is 
now  at  double  the  diftance  from  the  end,  at  which  the 
fluid  is  to  efcape  ;  and  therefore  has  twice  the  quantity 
of  fluid  to  condenfe  with  fufficient  ftrength  to  throw  any 
out  at  that  end. 

But  yet,  thatfome  of  this  fluid  does  efcape  out  at  the 
oppofite  end,  will  appear  from  bringing  a  fecond  bar  into 
contaCt,  end  to  end,  with  the  firft ;  for  then,  on  repeat¬ 
ing  the  experiment,  they  will  both  be  eleClrified  plus : 
and  on  bringing  a  third  in  the  fame  manner,  end  to 
end  with  the  fecond,  they  will  all  three  be  eleClrified 
plus . 

But  then  the  third  bar  will  be  eleClrified  plus  lefs  for¬ 
cibly  than  the  fecond,  and  the  fecond  lefs  than  the  firft. 

By 
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By  which  it  fliould  feem,  that  if  a  fourth  bar,  and  a 
fifth,  and  a  fixth,  &c.  were  in  the  fame  manner  added 
to  the  firing  of  bars j  the  moft  diftant  bar,  from  the 
excited  tube,  would  at  lafl  not  be  fenfibly  affefted  at  all 
by  it ;  and  confequently,  that  the  virtue  of  the  tube  is 
limited,  and  can  affeft  the  fluid  in  thefe  bars  to  a  cer¬ 
tain  diflance  only. 

But  this  will  be  made  more  evident  by  and  by. 

Let  us  now  refleft  a  little  on  what  we  have  leen  with 
regard  to  the  air,  furrounding  the  bars  in  thefe  expe- 
riments. 

Firft,  We  have  feen  that  although  air  makes  a  flrong 
refiftance  againft  being  eleCtrified,  i.  e.  againfl  ad¬ 
mitting  more  of  this  fluid  into  it  than  what  naturally 
belongs  to  it  3  yet  the  excited  tube  does  overcome  this 
refiftance,  and  forces  the  fluid  within  the  bar  through  its 
ends  into  the  air,  in  the  experiments  with  a  fingle  bar* 
both  when  it  was  eleCtrified  minus  and  plus . 

20  That  the  quantity  of  this  fluid,  forced  thus  into 
the  air  in  the  firft  experiment,  was  fufficient  to  eleftrify 
the  two  bar s  plus  y  that  were  applied  to  its  ends  on  repeat¬ 
ing  that  experiment. 

30  That  none  of  this  fluid  was  diflipated  in  the  air, 
and  fo  loft,  becaufe  on  withdrawing  the  excited  tube,  and 
leaving  the  three  bars  to  themfelves,  they  fhew  no  figns 
of  being  electrified  at  alb 

It  fliould  feem  therefore,  that  when  a  fingle  bar  is  thus 
electrified  minus  \  the  fluid  thrown  out  of  it  into  the  air 
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ftands  in  that  portion  of  air  that  furroimds  the  ends  of 
the  bar  all  the  time  the  excited  tube  continues  aCting  ; 
and  that,  when  the  tube  is  withdrawn,  it  returns  again 
into  the  bar,  till  fuch  time  as  the  refiftance  at  the  ends 
is  a  ballance  to  the  force,  with  which  it  endeavours  to 
flow  in.  But  as  the  bar  remains  eleCtrifled  minus  after 
the  experiment  is  over,  it  is  evident  that  all  that  was 
thrown  out  does  not  return  in  again ;  and  therefore  that 
the  remainder  forms  itfelf  into  a  kind  of  atmofphere 
every  way  furrounding  the  bar  with  a  nearly  equal  degree 
of  denfity,  from  the  nature  of  the  two  elaftic  fluids,  air, 
and  the  electrical  fluid,  and  of  the  refiftance  that  fluid 
meets  with  in  its  endeavour  to  dilate  itfelf  either  into  the 
air,  or  into  the  bar. 

4°  We  have  like  wife  feen,  that  when  a  Angle  bar  was 
electrified  there  was  likewife  a  fufficient  quantity  of 
this  fluid  to  eleCtrify  two  bars  applied  to  its  other  end, 

It  follows  therefore,  that  when  a  bar  is  electrified  plus 
by  itfelf,  and  continues  fo  after  the  tube  is  withdrawn, 
the  fluid  that  was  thrown  out  of  the  bar  muft  remain 
there,  and  form  the  fame  kind  of  atmofphere  round 
the  bar,  as  it  does  in  the  other  cafe,  when  it  was  electri¬ 
fied  minus . 

Whenever  therefore  a  Body  is  elett rifled  either  plus, 
or  minus,  and  remains  fo  after  the  experiment  is  over, 
there  are  fimilar  atmofpheres  of  the  eleftrical  fluid  fur¬ 
rounding  them,  that  are  ready  to  expand  themfelves  into 
any  body  that  approaches,  that  refifts  lefs  than  the  air: 
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and  this  is  the  reafon  why  bodies  give  very  nearly  the 
lame  figns,  when  they  are  eleCtrified  either  plus  or 

minus . 

I  fay,  very  nearly,  becaufe  when  we  come  to  examine 
the  figns  thefe  bodies  give  (on  being  eleClrified  in  thefe 
different  ways)  with  greater  accuracy,  we  fhall  fee  a 
fufficient  difference  in  thefe  figns  to  enable  us  to  fay 

which  were  eleCtrified  plus  and  which  minus . 

It  will  be  worth  while  to  flop  here  a  little,  and  confider 
the  different  circumftances  the  eleCtrical  fluid  is  in,  that 
forms  thefe  fimilar  atmofpheres  around  a  body  eleClrified 
plus ,  and  one  eleClrified  minus. 

When  a  bar  is  eleClrified  plus ,  the  atmofphere  formed 
round  it  lies  between  the  air,  [which  refills  its  entrance 
into  it  more  forcibly  than  the  bar  naturally  does,^  and  the 
bar,  [which  by  being  overloaded  by  electrification,  re¬ 
fills  its  return  into  it,  even  when  the  excited  tube  is 
withdrawn,  more  forcibly  than  it  does  naturally]  and 
by  being  thus  circumflanced,  its  endeavour  to  expand  is 
naturally  exerted  outwards  from  the  axis  of  the  bar  on 
every  fide,  and  it  gradually  difllpates  itfelf  into  the  air, 
and  whilfl  it  is  doing  this,  and  no  longer,  the  bar  will 
remain  eleClrified 

Whena  bar  is  eleClrified  minus ,  the  atmofphere  formed 
round  it,  which  during  the  aClion  of  the  tube  that  elec¬ 
trified  it,  lies  in  the  fame  manner  between  the  air,  and 
the  bar,  will,  on  that  tube’s  being  withdrawn,  exert  its 
endeavour  to  dilate  itfelf  in  a  contrary  direction,  viz . 
from  the  furrounding  air  on  every  fide  inwards  to  the 
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axis  of  the  bar  *,  and  it  will  gradually  flow  into  the  bar, 
and  reduce  the  electrical  fluid  there  to  its  natural  degree 
of  denfity  ;  and  whilft  this  is  doing,  and  no  longer,  will 
the  bar  remain  eleCtrified  minus , 

When  therefore  two  balls  are  both  of  them  electrified 
plus ,  fufpended  by  two  filk  lines,  and  brought  near  one 
another ;  they  repel  each  other,  and  ftand  for  fome  time 
at  a  diftance  from  each  other ;  becaufe  the  two  atmo- 
fpheres,  each  of  them  exerting  their  endeavours  to  ex¬ 
pand  into  the  air,  want  more  room  to  do  it  in;  and  when 
the  weight  of  the  balls  is  not  lufficient  to  prevent  it,  muft 
naturally  drive  them  afunder,  till  thefe  atmofpheres 

are  diflipated,  and  the  weight  of  the  balls  takes  place 
again. 

And  when  two  bodies  are  both  of  them  eleCtrified 
minus,  fufpended  by  filk  firings,  and  brought  near  one 
another,  they  likewife  repel  each  other,  and  ftand  for 
fome  time  at  a  diftance  from  each  other ;  becaufe  the 
condenfed  electrical  fluid  in  the  air,  in  order  to  force 
itfelf  in  at  the  furfaces  of  the  balls  between  their 
two  centers,  crouds  in,  and  forces  them  afunder,  till  the 
atmofpheres  get  all  into  the  balls,  and  their  weight  then 
takes  place  again. 

But  when  two  balls  are  in  the  fame  circumftances,  one 
eleClrified  plus ,  and  the  other  minus ,  and  brought  near 
one  another ;  they  will  gradually  come  together  and  un- 
eleCtrify  each  other.  Becaufe  the  atmofphere  of  the 
ball  eleClrified  plusy  is  endeavouring  to  diflipate  itfelf 
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from  the  center  of  the  ball  outwards s  and  the  atmo- 
fphere  of  the  ball  eleCtrified  minus,  is  endeavouring  to  di¬ 
late  itfelf  from  the  air  inwards  to  the  center  of  the  ball. 
The  common  atmofpheres  therefore  of  the  two  balls, 
thus  brought  near  together,  exert  their  forces  in  one 
and  the  fame  direction  between  them ;  the  flow  of  the 
eleCtrical  fluid  into  the  ball  electrified  minus ,  is  facilitated 
by  the  endeavour  of  the  eleCtrical  fluid  to  get  out  of  the 
ball,  eleCtrified  plus ;  and  vice  verfa:  and  fo  the  two 
balls  and  the  air  between  them  very  readily  return  to 
their  natural  flates. 

Thus  then  it  appears,  that  when  we  only  know  that 
a  body  is  electrified,  without  knowing  in  what  manner 
it  was  eleftrified,  there  is  no  criterion  to  form  our 
judgment  upon  whether  it  was  eleCtrified plus ,  or  minus  • 
becaufe  the  common  appearances  are  the  fame  in  both 
cafes,  when  we  unele&rify  it. 

But  by  purfuing  the  fame  train  of  reafoning,  we  fhall 
readily  obtain  a  certain  method  to  know  whether  a 
body  is  eleCtrified  plus,  or  minus,  even  without  unelec¬ 
trifying  it. 

Fallen  two  cork  balls  one  at  each  end  to  a  piece  of 
thread  about  eight  inches  long,  and,  doubling  the 
thread  over  the  bar  before  it  is  eleCtrified,  make  the 
balls  hang  as  near  to  one  another  under  the  bar,  as  they 
cans  and  now  the  bar,  the  threads,  and  the  balls,  fhould 
be  confidered  as  one  body  equally  ready  to  be  eleCtrified 
either  plus ,  or  minus. 
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i°  We  will  fuppofe  this  bar,  &c.  to  be  electrified 
minus ,  and  in  confequence  of  their  being  ele&rified  at 
all,  the  balls  to  repel  one  another,  and  hang  at  a 
greater  diftance  from  each  other,  than  they  did  na¬ 
turally. 

Now  let  an  excited  tube  be  brought  to  a  certain  dif- 
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tance  under  thefe  balls  in  thefe  circumftances,  and  they 
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will  at  firft  repel  each  other  more ;  becaufe  the  force 
of  the  excited  tube  will  condenfe  the  atmofpheres  a- 
round  the  balls  ftill  more,  till  the  refiftance  at  their 
furfaces  is  overcome,  which  will  take  up  fome  little  time, 
during  which,  their  atmofpheres  being  encreafing,  they 
will  repel  each  other  more  than  before  the  tube  was 
brought  near  them. 

But  fo  foon  as  ever  this  refiftance  is  once  overcome, 
the  excited  tube  drives  the  atmofpheres  into  the  balls, 
&c.  and  confequently  begins  to  uneleftrify  them,  /.  e. 
to  render  them  left  forcibly  eleflrified  minus :  and  on 
withdrawing  the  tube,  the  balls  will  not  repel  each 
other  near  fo  much,  and  fo  hang  very  vifibly  nearer  to¬ 
gether  than  they  did  before  the  tube  was  firft  brought 
near  them. 

2°.  We  will  fuppofe  the  bar,  &c.  to  be  electrified 
plus ,  and  in  confequence  of  their  being  eleCtrified  at  all, 
the  balls  to  repel  each  other. 

Now  when  an  excited  tube  is  brought  to  a  certain 
diftance  under  the  balls  in  thefe  circumftances,  they 
will  repel  each  other  left  forcibly  and  come  nearer  toge¬ 
ther  9 
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ther ;  becaufe  the  refiftance  of  the  air  alone  to  the  electri¬ 
cal  fluid’s  efcaping  out  of  the  balls  eleCtrified  plus>  has 
been  feeri  not  to  be  able  entirely  to  prevent  it,  as  an 
atmofphere  is  made,  and  fupported  round  the  balls,  till 
they  are  reduced  to  their  natural  ftate.  But  now  the 
excited  tube  acts  in  concert  with  the  air,  this  atmo¬ 
fphere,  which  had  prevailed  againft  the  air  alone,  mult, 
on  this  additional  force  aCting  againft  it,  retire  again 
into  the  ball,  and  continue  to  do  fo  for  fome  fmall  time. 

And  after  it  is  all  retired  into  the  balls  again,  fo  long 
as  the  bar,  &c.  can  be  eleCtrified  more  and  more  plus* 
this  appearance  will  continue,  whilft  the  tube  remains 
in  aCtion :  and  when  the  tube  is  withdrawn,  the  balls 
will  repel  each  other  more  forcibly  than  atfirft,  becaufe 
they  will  remain  more  forcibly  eleCtrified,  plus. 

Thus  then  it  appears  that  though  the  balls  repel  each 
other  when  the  bar  is  eleCtrified  either  plusy  or  minusy 
yet  when  an  excited  tube  is  brought  near  them  in  this 
their  repulfive  ftate,  they  will  in  one  cafe  have  their  re- 
pulfive  force  encreafed  at  firft,  but  very  foon  after  gra¬ 
dually  diminifhed  :  and  in  the  other  cafe,  diminifhed  at 
firft,  but  very  foon  after  encreafed. 

And  when  we  fee  the  appearance  in  the  firft  cafe, 
we  may  fafely  conclude  the  bar  had  been  eleCtrified 
minus  and  when  we  fee  the  appearance  in  the  other 
cafe,  we  may  conclude  the  bar  had  been  eleCtrified  plus. 

This,  therefore,  is  an  eafy  and  ready  way  of  trying, 
when  there  is  any  doubt  about  it,  whether  any  body  is 
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ele&rified  plus,  or  minus.  For  the  firing,  with  the  balls 
affixed  to  its  ends,  may,  with  the  affiftance  of  a  glafs 
tube,  be  eafily  hung  on  the  bar  without  uneleCtrifying 
it,  fuppofing  it  to  have  been  electrified  at  firft  without 
the  firing  and  balls. 

I  cannot  helpobferving  here,  that  in  the  firft  cafe,  after 
the  excited  tube  has  been  held  fo  long  near  the  balls, 
that  on  its  being  withdrawn  they  no  longer  repel  each 
other ;  if  it  be  again  prefented  to  them,  it  will  eleftrify 
them  and  the  bar  plus,  and  they  will  be  put  into  a  repul- 
five  ftate  again. 

Whence  it  was  reafonable  to  conclude,  that  if  the 
excited  tube,  in  our  firft  experiment,  after  it  had  been 
prefented  at  a  proper  diftance  to  the  extended  furface  of 
the  bar,  and  fo  had  electrified  it  minus ,  had  been  brought 
nearer  and  nearer  to  the  bar,  fo  as  at  laft  to  touch  it,  it 
would  have  eleCtrified  it  plus. 

And  accordingly,  when  the  experiment  was  tried,  it 
fucceeded,  and  the  bar  was  eleCtrified  plus . 

Now  the  confequence  of  this  is,  that  there  muft  be 
fome  middle  diftance  of  the  excited  tube  from  the  bar, 
between  its  fituation,  where  it  eleCtrified  it  minus,  and 
its  lituation,  where  it  electrified  it  plus  ;  at  which  middle 
diftance,  the  bar  will  be  reduced  to  its  natural  ftate, 
and  not  be  eleCtrified  any  more,  than  if  the  tube  was 
not  there. 

This  would  appear  a  moft  amazing  paradox  in  elec¬ 
tricity,  if  it  was  told  in  general  terms  to  any  one,  who 

did 
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did  not  know  that  bodies  were  capable  of  being  electri¬ 
fied  plus  and  minus :  viz .  the  fame  excited  tube  brought 
near  a  body  electrifies  it)  and  after  that,  (without  ever 
withdrawing  it)  brought  nearer,  ceafes  to  electrify  it ; 
and  after  that,  brought  ftill  nearer,  eleCtrifies  it  again. 

Now  as  this  was  deduced  from  our  way  of  reafoning, 
the  event,  anfwering  on  making  the  experiment,  greatly 
confirms  the  truth  of  the  reafoning. 

But  I  have  not  yet  done  with  the  cork  balls,  as  they 
will  be  very  ferviceable  in  proving,  that  the  power  of 
the  excited  tube  (or  other  eleftrifying  machine)  is  limited, 
and  can  electrify  bodies  but  to  a  certain  degree,  at  one  and 
the  fame  diftance  from  thofe  bodies. 

This  I  hinted  at  before,  and  promifed  to  fliew  more 
fully :  and  in  order  to  do  it,  I  fhall  ufe  thefe  balls  as  in¬ 
dexes  to  fhewus  when,  and  to  what  degree  thebar,to  which 
they  are  fixed,  is  eleftrified  :  which  end  they  will  exactly 
anfwer,  becaufe  they  will  repel  each  other  with  more 
or  lefs  force,  according  to  their  greater  or  lefs  degree  of 
electrification. 

Let  the  balls,  therefore,  be  hung  at  the  end  of  the 
bar,  and  the  excited  tube  be  brought  to  a  certain  diftance 
from  the  middle  of  it,  and  held  there  fteady  and  firm, 
and  let  us  fuppofe  that  at  this  diftance  it  electrifies  the 

bar  minus . 

Now  I  fay,  that  fome  little  time  is  taken  up,  during 
which  the  tube  eleCtrifies  the  bar  minus  to  a  certain  de¬ 
gree  )  but  that  when  it  has  once  done  this,  it  will  pro¬ 
duce 
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duce  no  farther  effeft  on  it,  though  it  remain  at  that 
diftance  ever  fo  long,  and  be  fuppofed  to  lofe  none  of  its 
force. 

Now  this  is  fhewn  to  be  true  in  faft  by  trying  the  ex¬ 
periment  thus  with  the  cork  balls  ;  for  you  will  fee  on 
bringing  the  excited  tube  to  this  diftance  from  the  bar, 
the  balls  will  begin  to  repel  each  other,  and  continue  to 
do  fo  more  and  more,  till  they  ftand  at  a  certain  dif¬ 
tance  afunder,  and  then  they  will  continue  fo,  without 
ever  getting  farther  afunder,  how  long  foever  the  tube 
is  held  at  that  diftance. 

This  is  a  proof  of  my  affertion,  that  the  Power  of 
the  excited  tube  is  limited,  and  therefore  can  aft  but 
to  a  certain  degree  in  eleftrifying  bodies,  which  will  be 
greater  or  lefs,  according  to  the  circumftances  of  each 
particular  experiment. 

But  this  will  be  confirmed  by  the  following  very  re¬ 
markable  fet  of  experiments. 

Let  a  glafs  tube  be  hermetically  fealed  at  one  end,  and 
have  its  other  end  properly  armed  with  brafs,  cemented 
into  it ;  and  let  proper  contrivances  be  made  in  that 
brafs,  fo  that  the  tube  may  be  readily  fixt  to  the  air- 
pump  and  exhaufted  of  air ;  and  afterwards  removed 
from  it,  and  ftill  remain  exhaufted. 

i°  Let  this  tube  be  fixt  to  the  air-pump  in  order  to 
be  exhaufted  of  air.  <  } 

Now  before  this  is  done,  the  outer  and  inner  furface 
of  the  glafs  tube  are  equally  expofed  to  the  air ;  and 
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confequently,  the  powers  of  thefe  two  furfaces  are  in 
equilibrio,  even  fuppofmg  the  air  to  affe£t  them. 

2°.  Let  the  tube  be  exhaufted  of  air,  as  perfe£tly  as 
it  can. 

When  this  is  done,  the  outer  furface  remains,  as 
before,  expofed  to  the  air ;  and  the  inner  furface  is 
expofed  to  the  eleftrical  fluid,  which  I  will  fuppofe 
to  be  naturally  difperfed  in  empty  fpaces  void  of  all  grofs 
bodies,  (as  the  vacuum  is  thought  very  nearly  to  be)  as 
well  as  in  the  pores  of  grofs  bodies. 

And  the  equilibrium  is  ftill  preferved  between  the 
powers  at  thefe  furfaces :  as  we  may  conclude  from 
there  being  no  vifible  or  perceptible  alterations  obferved 
to  be  produced  on  drawing  the  air  out  of  the  hollow  of 
the  tube,  either  in  the  light,  or  in  the  dark. 

Whence  we  may  conclude  that  the  air,  when  it  has  its 
natural  quantity  of  this  eleftrical  fluid  only  in  it,  does 
not  affedft  this  tube  at  its  outer  furface,  more  than  the 
fluid  within  it  does  at  its  inner  furface. 

3°.  Let  the  exhaufted  tube  be  taken  off  the  air-pump : 
and  let  a  perfon  gralp  the  brafs  end  of  it  with  his  hand, 
whilft  he  ftands  on  the  ground. 

4°.  Let  another  perfon  bring  an  excited  tube  near  the 
outer  furface  of  any  part  of  this  exhaufted  tube  (fuppofe 
near  the  end  that  is  hermetically  fealed,  for  this  reafon 
only,  that  it  will  then  be  at  a  diftance  from  the  hand 
that  grafps  the  other  end  of  it.) 


There 
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There  will  immediately  appear  lucid  rays  of  light,  very 
vifible  when  the  experiment  is  made  in  the  dark,  proceed¬ 
ing  from  the  inner  furface  of  that  part  of  the  tube  near- 
eft  the  excited  tube,  and  darting  through  the  vacuum 
to  the  brafs,  grafped  by  the  hand. 

5°.  And  if  the  tubes  are  held  fteady  for  fome  length 

of  time,  fo  as  to  be  kept  at  the  fame  diftance  from  each 
other ;  this  lucid  appearance  will  ceafe,  and  the  light 
totally  difappear. 

6°.  And  when  the  light  has  thus  difappeared  for  fome 
time  5  if  the  excited  tube  be  withdrawn  entirely,  the 
rays  of  light  will  appear  again  ;  but  they  will  now  be 
feen  darting  from  the  brafs  end  of  the  exhaufted  tube 
through  the  vacuum  to  the  inner  furface  of  that  part 
of  the  tube,  from  which  they  had  proceeded  before : 
and  this  darting  of  the  rays  from  the  brafs  end  of  the  tube 
will  continue  for  a  time  only,  as  the  other  had  done 
before. 

7°.  And  when  the  excited  tube  is  brought  nearer,  and 
nearer  to  the  exhaufted  one,  as  the  light  difappeared3 
there  only  appears  a  frefh  darting  of  rays,  fimilar  to  the 
firft,  which  likewife  continues  for  a  time  only  :  and  on 
the  removal  of  the  excited  tube,  the  fame  kind  of  light, 
fomewhat  ftronger  and  in  greater  quantity,  returns  from 
the  brafs  end  of  the  tube,  as  before,  and  difappears  again 
after  fome  little  time. 

In  this  experiment  there  is  the  ftrongeft  appearance  of 
the  electrical  fluid’s  fhifting  its  place  in  order  to  preferve 
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the  equilibrium,  by  flowing  immediately,  when  any 
force  is  offered  to  the  outer  furface,  from  its  inner  fur- 
face  through  the  vacuum,  and  darting  direCtly  to  the 
metal  and  hand,  where  it  finds  the  refiftance  to  its  efcape 
is  the  weakeft* 

Now  though  the  refiftance  is  weakeft,  where  the 
brafs  and  hand  is  applied  to  the  glafs  -y  yet  there  is  a  re¬ 
fiftance  ;  and  confequently,  the  eleftrical  fluid  in  the 
vacuum  muft  have  fome  additional  force  given 
to  it  from  that  part  of  the  inner  furface  of  the  glafs 
which  is  neareft  to  the  excited  tube,  i.  e.  muft  be  con- 
denfed  till  it  acquires  a  power  fufficient  to  overcome  the 
refiftance  of  the  brafs,  &c. 

But  this  fluid  within  the  exhaufted  tube  cannot  be 
condenfed,  without  more  paffes  into  it  immediately  from 
that  inner  furface,  and  confequently  fo  long  as  the  elec¬ 
trical  fluid  is  continually  flowing  fromit  into  the  vacuum, 
and  fo  into  the  brafs,  &c.  fo  long  will  it  be  lofing  its 
natural  quantity,  unlefs  its  lofs  of  this  fluid  be  fupplied 
by  a  flow  of  more  from  the  excited  tube. 

I  ftiall  now,  therefore,  endeavour  to  fhew,  that  the 
lofs  of  the  eleftrical  fluid  flowing  from  the  inner  fur¬ 
face  of  the  glafs,  is  not  fupplied  by  a  fimilar  flow  of  it 
from  the  excited  tube  to  it,  through  the  outer  furface  • 
and  therefore,  that  the  glafs  is  electrified  minus  at  or  near 
that  part  of  its  inner  furface. 

Now  this  will  follow,  plainly,  if  I  can  fhew,  i°.  That 
no  eleflrical  fluid  flows  into  the  glafs  fo  far  as  to  reach 
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that  inner  furface  $  and,  2°.  How  part  of  the  eledrical 
fluid  naturally  belonging  to  it  can  be  driven  out  into  the 
vacuum,  without  fuch  a  flow  of  the  fluid  from  the  ex¬ 
cited  tube  through  the  glafs  to  get  at  it  immediately. 

In  order  to  prove  the  firft  of  thefe,  the  beft  way  feems 
to  me  to  be,  to  fuppofe  the  contrary,  that  the  electrical 
fluid  does  flow  into  it,  and  fupply  it  continually,  and 
to  enquire  what  would  be  the  conlequence  of  fuch  a 
fuppofition  at  the  end  of  the  experiment. 

If  upon  this  enquiry,  we  find  that  the  appearances 
anfwer  in  fad  to  what  we  ought  to  exped  from  this 
fuppofition,  there  will  be  no  reafon  to  rejed  it.  But  on 
the  contrary,  if  the  appearances  are  againft  it,  it  muft 
be  given  up. 

Now  if  there  was  fuch  a  flow  of  this  fluid  from  the 
excited  tube  through  the  whole  fubftance  of  the  glafs 
to  the  very  inner  furface  of  it,  fo  as  to  fupply  the 
very  quantity  it  drives  out  through  it  $  the  glafs  at  this 
inner  furface  muft  always  have  its  natural  quantity  in  it  y 
and  confequently,  when  the  excited  tube  is  withdrawn* 
remain  in  its  natural  ftate,  equally  capable,  as  at  firft, 
to  refill  the  entrance  of  any  more  of  this  fluid  into 
it. 

And  therefore,  on  withdrawing  the  excited  tube,  there 
would  be  no  fuch  return  of  light  from  the  brafs,  &c*. 
darting  fo  particularly  towards  that  part  of  the  inner 
furface  of  the  glafs,  as  appears  in  the  experiment. 
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So  far  then  the  appearances  in  the  experiment  do  not 
anfwer  agreably  to  what  we  fhould  naturally  expert 
from  the  fuppofition. 

Again,  if  the  excited  tube  fupplies  the  inner  furface  of 
the  glafs  with  as  much  of  this  fluid  as  pafles  through  it 
into  the  vacuum ;  it  will  follow,  that  as  long  as  the  ex¬ 
cited  tube  has  any  power,  there  muft  be  a  continuation 
of  this  lucid  appearance  in  the  vacuum  •,  but  this  is  by 
no  means  true  in  faCt,  that  appearance  vanifhing  long 
before  the  excited  tube  has  loft  its  power ;  as  was  feen 
above. 

Here  then  is  another  remarkable  inftance,  in  which 
the  appearances  do  not  anfwer  on  the  trial  to  what  was 
reafonably  to  be  expected  from  the  fuppofition. 

And  therefore  we  ought  to  conclude  that  no  eleCtrical 
fluid  pafles  from  the  excited  tube  fo  far  into  the  glafs,  as 
to  reach  its  internal  furface  and  fupply  it  with  any  recruit 
of  thofe  particles  of  this  eleCtrical  fluid,  which  are  thrown 
through  it  into  the  vacuum:  and  confequently,  that  this 
inner  furface  remains  electrified  minus  during  the  con¬ 
tinuance  of  the  excited  tube  near  the  glafs,  after  the  lucid 
appearance  has  ceafed  and  ftands  ready  (on  withdraw¬ 
ing  that  tube,  or  on  its  power’s  decaying)  to  receive  a 
fupply  of  what  it  had  loft  from  the  equilibrium  being 
reftored  through  the  perfon,  his  hand,  the  brafs  and 
the  eleftrical  fluid  that  is  in  the  vacuum. 

But  that  no  doubt  may  remain  in  an  enquiry  of  fo 
delicate  a  nature,  I  will  propofe  making  the  experiment 
in  a  more  accurate jnanngr-  Every 
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Every  one  knows  that  a  bar  of  iron,  fufpended  by  filk 
firings  in  the  air,  may  be  kept  equally  eledtrified,  or 
very  nearly  fo,  for  any  length  of  time,  by  the  eledtrify- 
ing  machined  being  kept  equally  in  motion,  during  that 
time. 

Now  if  inflead  of  approaching  an  excited  tube  of 
glafs  (which  is  continually  lofing  its  power)  to  the  ex¬ 
haufted  tube,  as  I  did  before;  I  now  approach  the  exhaufted 
tube  to  the  excited  bar  (whofe  force  is  conftantly  kept 
up  at  the  fame  degree  by  the  machine)  to  fuch  a  particu¬ 
lar  dijftance,  as  to  make  the  lucid  appearance  begin ; 
and  then  keep  it  there  fteady :  I  gain  this  advantage,  that 
it  continues  during  the  whole  time  I  keep  it  thus  fteady 
at  one  certain  diflance,  expofed  to  one  and  the  fame  de¬ 
gree  of  force  in  the  excited  bar,  or  very  nearly  fb. 

And  on  trying  the  experiment  thus,  I  found  that  the 
lucid  appearance  continues  only  for  a  limited  time ;  and 
if  the  tube  was  to  be  held  fo  ever  fo  long,  there  would 
be  no  return  of  that  appearance ;  but  on  removing  the 
exhaufted  tube  from  the  bar,  the  light  returns  again 
immediately,  fhooting  then  from  the  brafs  and  hand  to 
that  part  of  the  inner  furface  of  the  tube,  that  had  been 
neareft  to  the  bar. 

No  experiment  can  be  flronger  to  the  point,  than 
this ;  and  we  may  now  fairly  conclude,  that  the  eledtrical 
fluid  does  not  flow  in  fo  plentifully,  or  fo  forcibly  as  to 
reach  the  inner  furface  of  the  glafs,  and  fo  fupply  it 
with  a  quantity  equal  to  what  is  thrown  off  through  it 

into 
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into  the  vacuum,  on  the  firft  approach  of  the  excited 
tube  in  the  firft  way  of  trying  this  experiment,  or  on 
the  firft  approach  of  the  exhaufted  tube  to  the  excited 
bar,  in  the  laft  way. 

It  remains  therefore  to  be  fhown  how  this  inner  fur- 
face,  and  the  part  of  the  glafs  neareft  it,  can  be  fo  affeft- 
ed,  as  it  is,  without  fo  ftrong  a  flow  of  this  electrical 
fluid  from  the  tube  or  bar. 

In  order  to  /  be  more  plainly  underftood,  I  fhall  ob- 
ferve,  that  the  eleftrical  fluid  within  the  hollow  of  the 
exhaufted  tube  is  in  the  fame  circumftances  with  that 
in  the  firft  bar,  when  a  fecond  bar  was  brought  into 
contaft  with  it  end  to  end :  and  that  this  fecond  bar  is 
reprefented  in  this  experiment  by  the  brafs  and  the  per- 
fon  holding  it.  Now  as  the  excited  tube,  applied  to  the 
middle  of  the  firft  bar,  dilated  the  eleftrical  fluid  that 
lay  neareft  it  with  fufficient  force  to  drive  that  at  a  dis¬ 
tance  into  the  fecond  bar :  fo  in  this  experiment,  the 
excited  tube  has  power  enough  to  dilate  the  eleftrical 
fluid  at  the  inner  furface  of  the  glafs  near  it  with  fufficient 
force  to  drive  the  diftant  part  of  it  in  the  vacuum,  into 
the  brafs,  and  the  perfon,  who  holds  it :  though  it  has 
not  power  to  force  any  external  eleftrical  fluid  into  the 
glafs  itfelf.  ' 

But  this  power  is  limited,  and  the  excited  tube  can  dilate 
this  eleftrical  fluid  in  thefe  circumftances  but  to  a  certain 
degree;  and  this  it  muft  do  gradually:  and  confequently, 
during  the  time  of  doing  this,  there  will  be  a  flow  of 
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this  fluid  from  the  inner  furface  of  the  glafs  to  the  brafs, 
&c.  which  manifefts  itfelf  by  a  ftream  of  light. 

And  when  the  electrical  fluid  in  the  brafs,  hand,  & c. 
is  fufficiently  condenfed  to  ballance  the  force  of  the  di¬ 
lating  fluid  in  the  vacuum;  no  more  of  it  will  be  driven 
out,  the  flow  of  it  will  ceafe,  and  the  lucid  light  will 
difappear. 

So  long  therefore  (after  the  light  difappear s)  as  the 
excited  tube  is  held  at  the  fame  diftance,  and  ads  with 
the  fame  force ;  the  eleCtrical  fluid  within  the  vacuum 
and  the  brafs,  &c.  will  be  kept  in  equilibrio,  the  elec¬ 
trical  fluid  nearefl  the  excited  tube  being  all  that  time 
forced  to  continue  in  that  degree  of  dilatation  by  the 
continued  force  of  that  tube,  and  fo  to  keep  the  more 
diftant  part  of  the  fluid  near  the  brafs  in  the  fame  de¬ 
gree  of  condenfation.  For  furely  the  fame  power,  that 
is  able  at  firft  to  put  them  into  thefe  different  ftates,  muff 
be  able  to  keep  them  in  thofe  ftates,  fo  long  as  it  aCts  with 
the  fame  force  in  the  fame  circumftances. 

But  on  withdrawing  the  tube,  the  force  of  the  con¬ 
denfed  part  of  the  fluid  in  the  brafs  drives  that  in  the 
vacuum  back  again  to  the  inner  furface  of  the  glafs, 
where  the  tube  had  been  applied  ;  and  confequently, 
there  muft  be  a  returning  flow  of  this  fluid  from  the 
brafs  to  the  glafs,  which  will  manifeft  itfelf  by  a  fimilar 
appearance  of  light  fhooting  from  the  brafs  to  the 
glafs ;  and  this  will  laft  no  longer  than  till  the  equili¬ 
brium  is  reftored. 
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And  this  effect  is  fimilar  to  what  happens  in  the  two 
bars  when  they  are  left  to  themfelves  after  the  tube  is 
withdrawn,  the  equilibrium  here  too  being  very  foon 
reftored  by  the  condenfed  part  of  the  fluid  in  one  bar’s 
gradually  flowing  into  the  dilated  part  in  the  other. 

And  confequently  thefe  two  experiments  illuftrate  each 
other,  and  the  reafoning  thus  on  them  both  together  is 
fufficient  to  convince  us,  that  the  electrical  fluid  within 
the  fubftance  of  the  glafs  at  its  inner  furface  is  forced 
into  a  ftate  of  dilatation  by  the  power  of  the  excited  tube 
at  a  diftance  :  which  it  is  in  this  cafe  enabled  to  perform 
by  there  being  no  refiftance  of  air  at  that  furface  to  keep 
that  fluid  from  dilating. 

From  thefe  experiments  we  are  naturally  led  to  at¬ 
tempt  an  explanation  of  the  appearances  that  occur  in 
electrifying  and  uneletrifying  a  large  pane  of  glafs  in  a 
fimilar  manner  to  that  in  which  the  Leyden  bottle  was 
accidentally  eledirified  at  firft.  Before  the  appearance, 
that  happened  on  uneletrifying  that  bottle:  no  one  ima¬ 
gined  that  glafs  could  be  electrified  any  other  way,  than 
by  being  aBually  rubbed .  But  experience  fince  has  taught 
us  otherwife,  and  that  in  order  to  eletrify  glafs  fo  as  to 
produce  thefe  appearances  with  confiderable  force,  it  is 
neceffary  there  fhould  be  extended  over  the  two  oppofite 
furfaces  of  the  glafs  equal  coverings  of  metal,  or  fome 
fuch  body  as  eafily  electrified :  but  how  thefe  coverings 
contribute  to  that  extraordinary  effect  has  not  hitherto 
been  fatisfatorily  explained. 
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We  will  fuppofe  then  an  oblong  pane  of  glafs  to  be 
covered  in  the  middle  of  its  upper  furface  with  leaf  gold* 
fomehow  kept  in  contaft  with  it,  of  the  fame  fhape  with 
the  pane  of  glafs,  but  no  where  reaching  within  two,  or 
three  inches  of  its  edges :  and  that  the  fame  be  done  on 
its  under  furface,  fo  that  the  under-covering  may  lie 
direftly  under  the  upper-covering. 

The  ufe  of  the  upper- covering  is  this.  As  every  part 
of  it,  from  the  nature  of  metal,  is  equally  eleftrified  at 
the  fame  time  that  any  one  part  of  it  is  5  the  whole  ex¬ 
tended  furface  of  the  glafs  immediately  under  it  lies 
equally  expofed  to  the  aft  ion  of  the  eleftrical  fluid,  when 
that  cover  is  eleftrified. 

Let  us  then  fuppofe  that  a  Communication  is  made  by 
a  wire  from  the  eleftrifying  machine  to  this  upper  cover¬ 
ing  :  it  will  follow  then,  that,  whenever  the  machine  is 
put  into  motion,  the  eleftrical  fluid  will  be  direfted 
down  the  wire  into  the  upper  covering,  and  when  there, 
will  exert  its  full  force  againft  its  whole  extent  of  the 
glafs  immediately  under  it :  and  that  this  force  will  be 
greater  than  the  force  of  an  excited  tube  on  the  fame 
furface  of  glafs  would  be,  when  it  was  only  brought  near 
it,  becaufe  the  flow  of  the  fluid  to  the  glafs  is  lefs  refilled 
by  the  metal  wire  and  covering,  than  it  would  be  in  the 
other  cafe  by  the  air  it  muft  pafs  through  to  get  at  it  5  and 
this  is  another  ufe  of  the  covering. 

Let  us  in  the  next  place  fuppofe  a  communication  to 
be  made  by  another  wire  between  the  under  covering 
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and  the  ground,  it  is  plain  on  a  fuppofition  that  the 
glafs  was  electrified,  that  great  part  of  the  refiftance  to 
the  efcape  of  the  electrical  fluid  through  the  under  fur- 
face  of  the  glafs  will  be  taken  off,  as  metal  refifts  fo 
much  lefs  than  air,  and  all  the  whole  furface  of  the  glafs 
immediately  over  this  cover  can  difcharge  its  fluid  into 
the  wire  at  once,  and  fo  into  the  ground.  This  therefore 
is  the  ufe  of  the  uncovering  and  its  wire. 

Let  us  next  attend  to  the  glafs.  We  are  to  confider 
no  more  of  it,  as  to  its  being  eleCtrified,  than  what  lies 
immediately  between  its  two  coverings ;  for  the  rims 
of  the  glafs,  that  are  left  uncovered  and  expofed  to  the 
air,  ferve  to  prevent  any  of  the  eleCtrical  fluid’s  pafling 
through  the  edges  or  points  of  the  pane  of  glafs  or  from 
one  cover  to  the  other. 

Now  this  parallelopiped  of  glafs  (when  no  communi¬ 
cation  is  made  with  the  ground )  feems  to  be  much  in  the 
fame  circumftances  with  the  bar  when  its  two  ends  were 
armed  with  glafs ;  and  we  faw  the  bar  was  in  thofe 
circumftances  eleCtrified  ftrongly  plus  when  the  excited 
tube  was  brought  into  contaCt  with  it,  and  fo  had  no 
air  between  it  and  the  bar  to  refift  the  entrance  of  the 
fluid  into  the  bar. 

Though  the  refiftance  is  not  fo  entirely  taken  off,  in 
the  prefent  cafe,  as  if  an  excited  tube  was  in  contaCt  with 
the  glafs,  yet  it  is  greatly  diminifhed  by  the  eleCtrical 
fluid’s  being  conduced  thus  to  the  glafs  through  metal5 
without  pafling  through  air  at  all :  and  therefore  we 
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have  reafon  to  believe  the  glafs  is  put  into  the  moft 
favourable  circumftanccs  to  be  ftrongly  electrified, 

«  •  *  h  V  *  • 

from  every  thing  we  have  yet  feen  in  electrifying 
of  metals. 

But  experience  has  fhewn  us  the  contrary,  and  that 
glafs  cannot  be  fo  eleCtrified  ;  but  that  the  refinance  muft 
be  taken  off  from  its  under,  as  well  as  from  its  upper 
furface.  It  is  therefore  contrived,  by  placing  the  covers 
and  wires  as  we  have  done,  that  the  efcape  of  the  fluid 
may  be  as  much  promoted  through  the  under  cover  by 
the  wire  that  communicates  with  the  ground,  as  the  en¬ 
trance  of  it  into  the  glafs  through  the  upper  cover  is  by 
the  wire  that  communicates  with  the  machine. 

We  fhall  now,  therefore,  propofe  an  experiment  on 
the  pane  of  glafs  very  nearly  in  thefe  circumftances. 

Let  the  pane  of  glafs,  covered  thus  on  each  furface, 
be  fupported  by  four  drinking  glaffes,  one  under  each 
corner  ;  and  let  a  finger  be  held  within  an  inch  of  the 
under  covering  by  a  perfon  {landing  on  the  ground  ; 
and  let  the  wire,  which  communicates  with  the  electri¬ 
fying  machine,  reach  likewife  within  an  inch  of  the 
upper  covering,  and  end  with  a  knob,  as  large  as  the 
finger’s  end. 

By  thus  bringing  the  finger  and  the  wire  almofl,  but 
not  quite  into  contaCt  with  the  covers,  we  gain  this  ad¬ 
vantage,  that  when  any  eleCtrical  fluid  flows  from  the 
wire  into  the  upper  covering,  or  from  the  under  cover¬ 
ing  into  the  finger,  it  muft  pafs  through  an  inch  of  air 
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and  fo  give  a  vifible  proof  of  its  doing  fo,  by  produc¬ 
ing  a  fpark. 

If  now  the  machine  be  fet  in  motion,  there  will  a 
fpark  be  feen  iffuing  from  the  wire,  and  at  the  fame  time 
an  equal  fpark  from  the  under  cover  ;  and  then  another 
and  another  from  the  wire,  accompanied  at  each  of  the 
times  with  an  equal  fpark  from  the  under  cover ,  but 
thefe  fparks  will  continue  thus  fucceeding  each  other 
from  the  wire  and  under  cover  for  a  certain  time  only, 
and  then  ceafe,  notwithftanding  the  machine  be  kept 
equally  in  aCtion  for  ever  fo  long  a  time,  and  the  wire 
and  finger  be  kept  in  the  fame  places. 

Now  from  this  experiment  it  fhould  feem,  that  what¬ 
ever  was  thrown  in  at  the  upper  cover  paffed  out  again 
immediately  in  equal  quantities  at  the  under  one,  and 
therefore,  that  the  electrical  fluid  has  a  free  paffage 
through  the  pores  of  glafs,  and  meets  with  no  refiftance; 
and  consequently,  that  the  glafs  is  not  itfelf  eleft  rifled  in 
thefe  circumftances ;  and  indeed,  if  after  thefe  fparks 
haveceafed  appearing,  and  both  the  wire  of  communi¬ 
cation  and  the  finger  are  removed  ;  a  finger  be  brought 
to  either  covering  at  different  times,  there  will  none 
or  very  flight  figns  appear  of  the  glafs’s  being  eledtri- 
fied. 

But  if  any  one,  who  argues  from  thefe  fafts  that 
the  glafs  is  not  electrified,  will  hold  one  finger  in  con¬ 
tact  with  one  cover,  and  then  approach  a  finger  of  his 
other  hand  to  the  oppofite  cover,  he  will  receive  fo  fevere 
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a  ftroke,  as  will  convince  him  that  the  glafs  was  very 
ftrongly  eleClrified  ;  though  before  it  gave  little  or  no 
lign  of  it,  in  the  manner  metals  do  ;  which  part  with 
their  overload  readily  wherefoever  they  are  touched  by  a 
body  that  is  not  electrified  itfelf. 

The  faCt  however  is  undoubtedly  true,  that  as  much 
of  this  fluid  is  thrown  out  of  the  glafs  at  the  under  fur- 
face  through  the  under  covering  into  the  finger,  as  is 
thrown  into  it  from  the  wire  at  its  upper  furface 
through  the  upper  covering  ;  but  the  reafoning  upon 
this  faCt  is  evidently  falfe,  as  it  contradicts  experi¬ 
ment. 

Let  us  fee  how  our  doClrine  of  refiftances  will  enable 
us  to  folve  this  difficulty. 

Let  us  call  the  refiftance  at  each  furface  of  the  glafs, 
fix ;  by  which  I  mean  that  the  upper  refills  the  entrance 
of  the  fluid  into  the  glafs,  and  the  under  refills  its  exit 
out  of  it,  with  the  fame  force,  equally  to  fix  :  and  that 
the  machine  a£ls  with  a  force  equal  to  nine. 

Then  will  fix  of  this  nine  be  ballanced  by  the  refin¬ 
ance,  fix,  at  the  upper  furface,  and  the  fluid  will  be 
forced  into  the  glafs  with  the  force,  three  only  ;  and 
confequently,  when  the  machine  has  exerted  this  force, 
nine,  and  condenfed  the  eleClrical  fluid  within  the  glafs 
to  fuch  a  degree,  as  the  force,  three,  can  condenfe  it  to ; 
it  can  do  no  more ;  becaufe  the  refiftance  at  the  furface, 
fix,  and  the  expanfive  power  of  this  fluid,  three,  (which, 
from  the  nature  of  an  elaftic  fluid,  endeavours,  where- 
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ever  it  lies,  to  expand  itfelf  equally  every  way  with  the 
fame  force  with  which  it  is  condenfed)  added  together 
makes  nine,  u  e.  is  anexaft  ballance  to  the  force  of  the 
machine. 

Now  this  fluid,  thus  forced  into  the  glafs,  endeavours 
immediately  to  expand  itfelf  every  way,  as  foon  as  ever 
it  begins  to  be  thrown  into  it,  towards  the  edge  and 
corners  of  the  glafs,  as  well  as  towards  the  oppofite 
furface* 

But  thefe  edges  and  corners  of  the  glafs  are  every  way 
fo  ftrongly  guarded  by  the  length  of  the  rim  that  is 
purpofely  left  expofed  to  the  air,  that  the  fluid  is  pre¬ 
vented  to  efcape  through  them  by  the  refiftance  of 
the  air  and  the  thicknefs  of  the  glafs  it  has  to  pafs 
through  •>  whilft  the  under  furface  is  only  fuppofed  to 
refill  with  the  force,  fix,  and  is  purpofely  cut  off  from 
any  affiftance  from  the  air  :  and  confequently  from  the 
time,  that  any  of  this  fluid  is  thrown  into  the  glafs  at 
the  upper  furface  till  all  is  thrown  in  (that  the  force, 
three,  can  throw  into  it)  as  much  will  be  thown  out  at 
the  under  furface,  where  the  refiftance  is  leaft$  or  in 
other  words,  the  refiftance  at  this  furface  will  gradually 
be  reduced  to  three,  and  then  there  will  be  an  equili¬ 
brium  between  all  the  forces. 

Thus  we  have  feen  before,  in  the  experiment  of  the 
exhaufted  tube,  that  the  excited  tube,  when  kept  at  a 
certain  diftance  from  it,  had  a  power  to  drive  the  elec¬ 
trical  fluid  out  at  the  inner  furface  of  the  glafs,  though 
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no  electrical  fluid  palled  fo  far  into  the  glafs  as  to  reach 
that  furface;  and  therefore  we  may  here  imagine  it 
poflible,  that  the  excited  fluid  penetrating  thus  to  a  cer¬ 
tain  diftance  within  the  upper  furface  may  act  at  a  dif- 
tance  on  that  near  the  under  furface,  and  fo  force  it 
out,  till  there  is  a  ballance  between  the  expanfive  force 
of  this  condenfed  fluid,  and  the  refiftance  at  the  under 
furface :  and  thus  the  refiftance  fix  at  the  under  furface, 
will  be  reduced  to  three  5  juft  as  the  force,  nine,  of  the 
machine  was  reduced  to  three,  by  the  refiftance,  fix,  at 
the  upper  furface  of  the  glafs  :  and  all  will  remain  in 
equilibrio. 

Confequently,  all  the  while  the  machine  is  condenfingthe 
fluid  within  the  glafs  near  its  upper  furface,  it  is  likewife 
dilating  the  fluid,  naturally  in  the  glafs,  near  the  under 
furface ;  which  it  cannot  do  without  forcing  fome  of  it 
out :  and  therefore  it  is  reafonable  to  expedl  from  this 
do&rine,  as  the  wire  and  finger  are  not  in  abfolute  con- 
ta£t  with  the  covers,  that  fparks  of  fire  Ihould  con¬ 
tinue  to  appear  at  both  furfaces  during  tnis  time, 
and  no  longer ;  and  that  the  inftant  they  difappear,  the 
fluid  within  the  glafs  exactly  ballances  the  fluid  with¬ 
out. 

For  the  machine,  never  acting  with  more  force  than 
nine,  has  this  force  ballanced  by  fix,  the  refiftance  at 
the  upper  furface,  with  the  additional  force,  three,  of  the 
condenfed  fluid  near  it ;  and  the  condenfed  fluid  adting 
the  contrary  way  towards  the  under  furface  with  the 
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fame  force,  three,  is  ballanced  by  the  remaining  force, 
three,  at  that  under  furface. 

Now  the  only  difficulty  here  arifes  from  our  want  of 
conceiving  how  a  quantity  of  elaftic  fluid  can  lie  con- 
denfed  in  one  part  of  the  glafs,  whilft  its  neighbouring 
fluid  in  another  part  is  attenuated  3  but  when  experiment 
is  ftrongly  on  one  fide,  and  nothing  but  this  difficulty  of 
conception  appears  on  the  other,  the  latter  ought  to  give 
way :  elpecially  as  we  know  not  yet  how  far  the  par¬ 
ticular  make  of  glafs  may  contribute  towards  this  ef- 
f eft. 

To  explain  how  experiment  is  ftrongly  on  one  fide, 
we  mu  ft  confider  the  thing  more  carefully,  and  compare 
the  prefent  experiment  with  that  of  the  exhaufted 
tube. 

In  the  experiment  of  the  exhaufted  tube,  we  faw 
that  the  excited  tube  afted  at  a  confiderable  diftance  on 
the  glafs  of  the  exhaufted  tube,  fo  as  to  produce  a  lucid 
appearance  in  the  vacuum  for  a  time  3  and  on  withdraw¬ 
ing  the  excited  tube  the  lucid  appearance  returned  again, 
but  in  a  contrary  dire&ion. 

Let  us  now  repeat  our  prefent  experiment,  and  try 
what  will  be  the  event,  if  we  withdraw  the  wire  of 
communication  with  the  machine,  as  foon  as  the  appear¬ 
ance  of  Iparks  ceafes  3  keeping  the  finger  ftill  at  the  fame 
diftance  from  the  under  cover. 

The  event  is  this.  No  return  of  fparks  is  perceived. 

This 
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This  therefore  feems  to  be  an  experimental  Proof, 
that  there  is  fome  power  remaining  in  the  glafs  itfelf 
that  prevents  the  return  of  thefe  fparks,  or  rather  prer 
vents  the  return  of  that  fluid  into  the  glafs  (which  had 
before  been  thrown  out  into  the  finger)  which  would  have 
produced  the  fparks. 

It  feems  therefore  that  the  force  of  the  machine  was 
the  caufe  of  the  condenfation  of  the  fluid  within  the  glafs 
near  its  upper  furface,  notwithftanding  the  refiftance  at 
that  furface  and  that  this  condenfed  fluid  was  the  caufe 
of  that  at  the  under  furface  dilating  itfelf  and  palling 
out  into  the  finger,  notwithftanding  the  refiftance  at  the 
under  furface. 

Now  if  on  withdrawing  the  wire  of  communication, 
this  condenfed  fluid  could  dilate  itfelf  and  pafs  out  back 
again  at  the  upper  furface,  the  fluid  would  likewife  re¬ 
turn  from  the  finger  into  the  glafs  at  the  upper  furface 
and  a  fpark  would  appear  :  but  the  refiftance  at  the  up¬ 
per  furface,  fix,  prevents  this  efcape  of  the  condenfed 
fluid  out  of  the  glafs,  as  it  endeavours  to  dilate  itfelf 
only  with  the  force,  three, 

Confequently,  the  condenfed  fluid  within  the  glafs 
near  its  upper  furface  is  the  power,  remaining  in  the 
glafs,  when  the  wire  of  communication  was  withdrawn, 
that  prevents  the  return  of  the  fparks. 

Now  in  the  experiment  of  the  exhaufted  tube,  the 
excited  tube  (having  not  fufficient  power  to  condenfe* 
any  fluid  within  the  fubftance  of  the  glafs,  of  the  ex- 
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haufted  tube)  muft,  when  it  is  withdrawn,  take  away 
with  it  all  the  excited  fluid  it  brought  with  it,  {landing 
as  an  atmofphere  about  it :  and  therefore  the  lucid  ap¬ 
pearance  returned,  and  this  is  the  reafon  of  the  difference 
between  thefe  two  experiments. 

Upon  the  whole,  we  know  by  experiment  that  the 
pane  of  glafs  in  thefe  circumftances  remains  ele&rified; 
and  we  have  all  the  reafon  in  the  world  from  the  equal 
appearance  of  the  fparks,  to  believe  that  as  much  fluid 
palfes  out  at  one  cover  as  paffes  in  at  the  other  $  and 
therefore  that  the  electrification  of  the  pane  of  glafs  does 
not  arife  from  its  whole  quantity  being  either  encreafed 
or  diminiflied,  as  it  does  in  metals,  and  other  bodies. 

There  remains  therefore  but  one  way  of  explaining 
whence  this  electrification  arifes,  and  that  is,  the  con¬ 
tinuation  of  the  condenfed  fluid  in  the  fame  fituation  at 
the  upper  furface,  after  the  wire  was  withdrawn,  and  its 
continuing  to  aft  with  the  fame  force,  as  it  did  when 
the  machine  was  in  a£tion$  and  therefore  that  the 
fluid  muft  remain  denfer  near  the  upper  furface,  and 
rarer  near  the  under  furface  of  the  glafs,  than  it  does' 
naturally  in  uneleCtrified  glafs:  or  to  return  to  our  for¬ 
mer  manner  of  expreflion,  that  the  upper  furface 
of  the  glafs  is  eledlrified  plus ,  and  the  under  furface 
minus . 

There  is  fomething  fimilar  to  this  ftate  of  the  fluid* 
in  the  experiment  of  the  three  bars  in  contact  with  each 
other,  when  the  excited  tube  was  applied  at  a  certain 
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diftance  from  the  middle  of  the  middlemoft  bar  :  For 
whilft  the  excited  tube  continues  there,  the  middle 
bar  is  eleftrified  mims>  the  others,  plus.  May  not  the 
three  bars,  as  they  are  in  contact  with  each  other,  be 
looked  on  as  one  bar  ?  and  will  not  the  fluid  ftand  den- 
fer  in  the  outer  bars,  and  rarer  in  the  middle  one,  than 
it  did  naturally,  all  the  while  the  excited  tube  continues 
its  a£tion  ?  So  far  then  the  difpofition  of  the  fluid  in 
thefe  bars,  confidered  as  one  body,  is  fimilar  to  that  of 
the  fluid  in  the  pane  of  glafs. 

But  when  the  excited  tube  is  withdrawn,  the  fluid  im¬ 
mediately  returns  to  its  natural  degree  of  denfity  in  all 
the  three  bars :  becaufe  there  is  no  remaining  force  to  re- 
lift  its  doing  fo. 

In  the  pane  of  glafs,  this  return  of  the  fluid  to  its  na¬ 
tural  degree  of  denfity  within  the  whole  glafs,  is  prevent¬ 
ed  by  fome  refiftance  remaining  at  each  of  the  lurfaces 
after  the  machine  is  withdrawn,  and  adting  with  fuffi- 
cient  force  to  ballance  the  endeavour  of  the  fluid  to  do  fo. 
So  long  therefore  as  this  refiftance  continues,  fo  long, 
muft  the  fluid  continue  in  this  unnatural  ftate.. 

Now  in  confequence  of  the  glafs’s  being  ele&rified  plus 
neareft  the  upper  furface,  and  minus  near  the  under 
furface,  there  muft,  on  withdrawing  both  the  finger  and 
the  wire,  be  left  two  atmofpheres  ftanding  on  thefe  fur- 
faces  without  the  glafs,  now  furrounded  (covers  and  all) 
with  airj  for  the  fame  reafcns  that  the  cork  balls  had; 
fuch  atmofpheres  round  them,  when  one  was  electrified* 
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plus,  and  the  other  minus :  and  the  atmofphere  about 
the  furface,  that  is  eledlrified  plus ,  will  endeavour  to 
dilate  itfeif  from  the  glafs  into  the  air,  whilft  that  at 
the  furface  eleftrified  minus  is  endeavouring  to  dilate  it¬ 
feif  from  the  air  into  the  glafs  *  as  was  fhewn  to  be  the 
cafe  of  the  two  coVk  balls.  Whenever  therefore  thefe 
two  atmofpheres  are  permitted  to  communicate  with  one 
another,  the  former  will  drive  the  latter  into  the  glafs 
at  the  furface  eleftrified  minus :  as  we  faw  in  the  cork 
balls. 

But  the  broad  column  of  air,  that  is  in  immediate 
contaft  with  ail  the  furfaces  of  the  pane  of  glafs  that  were 
left  uncovered,  feparates  thefe  atmofpheres,  and  pre¬ 
vents  their  communicating  together :  and  we  know  in 
fa£l,  that  a  pane  of  glafs,  properly  covered,  will  remain 
ele£f rifled  much  longer  than  metals. 

And  this  leads  us  into  the  reafon  of  there  being  but 
one  way  of  uneledtrifying  the  pane  of  glafs  with  vio¬ 
lence,  which  is  by  opening  a  communication  at  once 
through  this  column  of  air  between  thefe  two  atmo- 
fpheres,  as  we  faw  it  done  by  the  perfon’s  holding  his 
finger  in  contact  with  the  under  cover,  and  then  bringing 
a  finger  of  his  other  hand,  as  quickly  as  he  can  into 
contact  with  the  other  cover ;  which  he  cannot  do  fo 
quickly  but  a  very  ftrong  fpark  will  appear,  and  the 
glafs  be  une!e£trified  at  once,  or  very  nearly  fo. 

Let  us  try  another  way  of  forming  a  communication 
between  thefe  atmofpheres,  fo,  that,  the  pane  of  glafs 

fhall 
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fliall  be  gradually  and  quietly  uneleCtrified.  If  a  wire 
be  bent  in  a  circular  form,  fo  that  its  two  ends,  when  it 

a 

*3  brought  to  the  pane  of  glafs,  may  reach  within  two 
or  three  inches  of  the  covers.  If  its  ends  are  tapered 
down  into  fine  points,  and  the  middle  of  it  to  be  fattened 
to  a  piece  of  fealing  wax,  and  then  be  brought  by  this 
fealing  wax  held  in  the  hand  into  the  fituation  we  have 
defcribed,  the  glafs  will  quietly  and  gradually  return  to 
its  natural  Hate,  the  denfer  fluid  efcaping  filently 
through  this  wire  into  the  rarer :  and  what  is  worth 
notice,  the  wire  afterwards  will  not  be  electrified,  not- 
withftanding  it  is  fupported  by  wax,  which  confines 
the  fluid  within  it  more  than  a  perfons  hand  would; 
and  notwithflanding  that  when  the  experiment  is  made 
in  the  dark,  a  very  vifible  ftream  of  light  appears  at  each 
end  of  it,  till  the  glafs  is  uneleCtrified.  May  we  not 
therefore  conclude,  that  nothing  more  is  done  in  this 
experiment,  than  letting  the  equilibrium  be  gradually 
reftored  within  the  glafs?  May  we  notlikewife  conclude, 
that  the  overplus  of  fluid  in  the  condenfed  part  was  exaCtly 
equal  to  the  deficiency  in  the  dilated  part  ;  for  otherwife 
the  wire  would  have  been  eleCtrified  either  plus  or  minus  ? 
and  therefore,  that  during  the  electrification  of  the 
glafs,  as  much  of  the  fluid  was  thrown  out  of  the  glafs, 
as  was  thrown  in  ;  which  only  feemed  probable  before 
this  experiment  was  tried.  May  we  not  likewife  con¬ 
clude,  that  nothing  more  was  done  in  the  firft  way  of 
difeharging  the  glafs,  than  in  this,  only  it  was  obliged 

to 
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to  be  done  at  once ;  and  the  violence  was  owing  only  to 
the  encreafed  velocity  with  which  the  fluid  was  forced 
to  move  into  the  finger  at  the  upper  furface  ?  And  that 
this  encreafe  of  velocity  was  fo  great,  that  what  in 
one  pafe  was  only  a  continued  ftream  of  faint  bluifh 
light,  was  in  the  other  kindled  at  once  into  a  ftrong 
fparkoffire? 

This  may  feem  a  very  minute  way  of  confidering 
the  caufes  of  thefe  appearances,  but  it  feems  to  arife 
from  the  appearances,  and  to  be  confirmed  by  the  fol¬ 
lowing  farther  obfervations  on  the  fame  fubjeft. 

The  firlt  obfervation  is,  that  when  the  wire  of  commu¬ 
nication  with  the  machine  is  brought  into  contaft  with 
the  upper  cover,  and  the  under  cover  is  left  expofed 
every  where  to  the  air  and  the  machine  is  put  into  ac¬ 
tion,  it  will  never  be  able  to  eleftrify  the  pane  of  glafs, 
though  its  force  be  fuppofed  ever  fo  great,  becaufe  no 
fluid  can  be  thrown  out  of  the  under  furface,  on  account 
of  the  joint  refiftances  of  the  glafs,  the  cover,,  and  the 
air  furrounding  it. 

But  it  may  be  urged,  that  this  joint  refiftance  muff 
be  limited,  and  confequently  a  power  in  the  machine 
may  be  imagined  greater,  and  confequently  fufficient  to 
eleftrify  the  pane  of  glafs.  To  this  I  anfwer,  that  no 
more  of  the  force  of  the  machine  can  aft  upon  the  up¬ 
per  cover,  than  what  it  can  communicate  to  the  metal 
wire,  and  that  all  bodies  can  be  eleftrified  but  to  a  cer¬ 
tain  degree,  and  confequently,  the  force  of  the  machine  on 

that 
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that  tipper  cover  is  limited  and  but  irnall  in  companion 
to  the  joint  refiftance  abovementioned. 

The  force  of  the  machine  therefore  need  only  be 
ftrong  enough  to  eleCtrify  this  wire  as  much  as  it  will 
admit  of ;  all  fuperior  force,  by  irregularly  electrifying 
the  air  about  the  wire,  being  of  differvice  to  the  experi¬ 
ment. 

The  fecond  obfervation  is,  that  if  a  bent  wire  (as  de- 
fcribed  above)  is  thus  applied  at  its  two  ends  in  contaCt, 

( or  nearly  fo )  with  the  two  coverings,  before  the  ma¬ 
chine  is  put  into  action,  the  machine  will  never  be  able 
to  eledtrify  the  pane  of  glafs ;  notwithftanding  the  wire 
of  communication  with  the  machine,  and  the  finger  be 
each  in  contaCt  with  the  upper  and  under  cover  ;  becaufe 
the  electrical  fluid,  conducted  to  the  upper  cover  by  the 
wire,  has  a  freer  pafiage  through  the  bentwire  to  the  un¬ 
der  cover,  than  into  the  pane  of  glafs,  as  metal  refifts  lefs 
than  glafs. 

This  is  a  farther  confirmation  of  the  caufe  alledged 
for  the  bent  wire’s  difcharging  the  glafs,  when  it  was 
electrified  ;  for  furely  the  fame  caufe  that  prevents  an 
effeCt  from  being  produced,  is  able  to  deftroy  that  effeCt, 
when  it  is  produced. 

The  third  obfervation  is  this,  that  without  fuch  a 
wire  to  form  fuch  a  communication  between  the  two  at- 
mofpheres  5  they  will  of  themfelves  come  together,  when¬ 
ever  the  covers  of  metal  reach  too  near  to  the  edges  and 
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corners  of  the  pane  of  glafs ;  the  electrical  fluid  infi- 
nuating  itfelf  between  the  air  and  the  glafs,  till  it  reaches 
either  the  corner  and  edges  of  the  glafs,  or  of  the  un¬ 
der  covering  ;  and  fo  preventing  the  electrifying  of  the 
glafs  at  all,  or  very  foon  uneleCtrifying  it,  if  it  is  electri¬ 
fied  to  any  degree. 

This  is  the  reafon  why  I  gave  a  particular  caution, 
that  two,  or  three  inches  at  leaft  of  the  under  and  up¬ 
per  furface  of  the  pane  of  glafs  iliould  be  left  un¬ 
covered. 

The  next  thing  obfervable  is,  the  great  refemblance 
there  is  in  thefe  two  atmofpheres  lying  thus  at  the  two 
furfaces  of  the  pane  of  glafs,  eleCtrified  one  plus  and  the 
other  minus y  with  the  atmofpheres  furrounding  the  two 
cork  balls,  when  one  was  eleCtrified  plusy  and  the  other 
minus . 

In  order  to  flhew  this,  fuppofe  two  panes  of  glafs, 
fupported  each  at  the  corners  by  four  drinking  glafles, 
to  be  eleCtrified  equally  in  the  manner  we  have  feen  ; 
and  afterwards  to  be  left  to  themfelves. 

When  they  are  thus  left  to  themfelves,  i°.  Let  a 
wire  form  a  communication  between  the  two  upper 
furfaces. 

No  alteration  will  happen,  becaufe  the  two  atmo¬ 
fpheres,  thus  communicating  together,  aft  with  no 
greater  force  at  each  upper  covering,  than  they  did  be¬ 
fore  they  communicated  together. 


Thus, 


Thus,  when  two  balls  are  brought  together,  when 
they  are  each  electrified  plus,  they  do  not  uneieCtrify  each 
other.  They  only  repel  each  other  5  and  fb  would  the 
panes  of  glafs,  if  their  repulfive  force  were  ftrong 
enough,  to  do  it  as  they  are  now  fituated. 

20.  Remove  the  wire,  and  let  it  now  form  a  commu¬ 
nication  between  the  two  under  covers. 

No  alteration  happens,  and  for  the  fame  reafon. 
Thus  when  two  balls  were  brought  together,  both 
electrified  minus,  they  did  not  uneieCtrify  each  other. 

30.  But  if  with  two  fuch  wires,  a  crofs  communication 
be  made  from  the  upper  cover  of  the  firft  pane  to  the 
under  covering  of  the  fecond,  with  one  wire  ;  and  with 
the  other  from  the  upper  covering  of  the  fecond  to  the 
under  covering  of  the  firft :  the  condenfed  atmofpheres 
will  neither  of  them  be  confined,  but  a  free  paffage  will 
be  opened  to  them  to  dilate  into  the  panes  of  glafs,  at 
thofe  parts  where  they  are  electrified  minus .  The  electri¬ 
cal  fluid  therefore  will  circulate  round,  and  reduce  itfelf 
to  its  natural  ftate  both  in  the  panes  of  glafs,  and  in 
the  wires,  and  not  one  of  them  will  afterwards  remain 
electrified  either  ptus  or  minus . 

In  the  fame  manner  two  balls,  when  one  is  eleCtrified 
plus,  and  the  other  minus ,  and  they  are  brought  near 
one  another,  run  together  and  uneieCtrify  each  other 
immediately. 

It  would  be  endlefs  to  produce  all  the  experiments, 
that  could  he  brought  in  confirmation  of  this  way  of 
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accounting  tor  the  uncommon  appearances,  that  oc¬ 
cur  in  thus  electrifying  and  uneleClrifying  glafs  :  which 
agrees  fo  exaCtly  with  all  the  other  experiments  we 
have  produced  5  or  rather,  which  takes  its  rife  from 

them. 

I  fhail  therefore  flop  here,  and  only  defire  the  reader 
not  to  carry  this  comparifon  of  the  elfeCls  of  the  atmo- 
fpheres  on  the  different  furfaces  of  the  electrified  pane  of 
glafs,  with  thofe  on  the  furfaces  of  the  cork  balls,  electri¬ 
fied  plus  and  minus ,  too  far.  I  mean  only  to  compare 
them  in  general  as  fimilar  effeCts  ;  and  do  not  here  con- 
fider  the  comparative  ftrength  of  the  powers  producing 
thefe  fimilar  effeCts.— Let  us  now  return  to  the  particular 
fubjeCt  of  this  enquiry. 

Thus  have  we  feen  that  the  variety  in  the  refiftances 
made  by  different  bodies  to  being  eleCtrified,  has  led  us 
into  the  knowledge  why  bodies  act  fo  differently  in  one 
fituation  from  what  they  do  in  another,  according  to  the 
nature  and  quantity  of  the  bodies  they  are  contiguous 
to ;  and  enabled  us  to  explain  the  molt  amazing  ap¬ 
pearance  of  all,  that  of  the  Leyden  bottle,  which  has 
excited  the  attention  of  all  the  philofophers  (I  may  ai¬ 
med  fay)  in  the  known  world. 

This  our  fuccefs  in  purfuing  this  train  of  reafoning  is 
furely  fufficient  to  encourage  us  to  enquire  farther,  where 
this  refiftance  is  exerted,  and  from  what  power  within 
the  body  it  arifes. 

Now  from  our  knowing  by  experiment  that  every 
body  more  or  lefs  refills  being  eleClrified;  which  is  now 

allowed 
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allowed  to  mean,  that  every  body  rejijls  the  pafiage  of  the 
electrical  fluid  either  into  them,  or  out  of  them,  though 
fome  do  it  with  a  greater  force  than  others  \  we  may  very 
reafonably  conclude,  that  when  this  fluid  is  endeavour¬ 
ing  to  get  into  any  body,  the  reflftance  it  meets  with 
is  exerted  at  that  particular  furface,  at  which  the  attack 
is  made  :  and  when  this  fluid  is  endeavouring  to  get  out 
of  any  body,  the  reflftance  it  meets  with  is  exerted  at 
all  its  internal  furfaces  at  once  j  and,  if  the  force  with 
which  this  fluid  endeavours  to  get  in  or  out,  is  fuperior 
to  the  force,  which  endeavours  to  keep  it  out  or  in,  at 
any  place  or  phyfical  point  of  any  of  its  furfaces,  it  muff 
make  its  way  more  eafily  there,  and  confequently  will 
always  pafs  that  way  either  in  or  out. 

And  there  is  an  appearance  in  glafs  that  is  exaCtly 
analogous  to  this,  with  regard  to  the  reflection  of  the 
rays  of  light,  by  which  it  is  evident,  that  a  pane  of  glafs 
refills  the  entrance  of  light  in  at  one  furface  ;  and  when 
it  has  got  in,  it  as  ftrongly  refills  its  going  out  at  the  op- 
pofite  furface  ;  becaufe  at  both  thefe  furfaces,  it  refle&s 
or  drives  off  great  numbers  of  rays,  that  without  fuch 
reflftance  would  have  palfed  readily  through  the  pane  of 
glafs. 

It  is  likewife  known,  that  the  rays  reflected  thus  back 
into  the  glafs,  upon  their  endeavour  to  get  out,  and  re¬ 
turned  %ain  to  the  firll  furface,  through  which  they  had 
once  got,  meet  again  with  an  equal  reflftance  there  to 
their  palling  out,  and  are  many  of  them  reflected  into 
the  glafs  again. 
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It  is  fliewn  farther  by  Sir  Ifaac  Newton 3  that  this  force 
begins  to  exert  itfelf  on  the  rays  of  light  before  they 
arrive  into  contadl  with  either  of  thefe  furfaces. 

And  hence  we  have  reafon  to  believe,  that  the  refin¬ 
ance  we  have  experimentally  fhewn  to  be  made  by  all 
bodies  againft  being  eledlrified  either  plus  or  minus  3  is  of 
the  fame  nature  with  that,  which  not  only  prevents  the 
entrance  and  exit  of  the  rays  of  light  in  glafs,  but  throws 
them  off  with  the  fame  velocity,  great  as  it  is,  with 
which  they  endeavour  to  get  into  it,  or  out  of  it : 
and  therefore  moft  probably  arifes  from  the  fame  caufe. 

And  confequently,  that  this  refiftance  in  bodies  to  be¬ 
ing  eledlrified  is  exerted,  as  the  other  is,  before  the 
eledtrical  fluid  comes  adtually  into  contadl  with  the  fur- 
face  of  any  body  it  endeavours  to  eledlrify. 

The  experiments  therefore  in  Sir  Ifaac  s  Optics  ferve 
greatly  to  confirm  the  opinion,  we  have  endeavoured  to 
eftablifhby  eledlrical  experiments,  that  every  body  refills 
the  entrance  and  exit  of  this  eledtric  fluid;  and  that  this 
refiftance  is  exerted  at  fome  diftance,  before  the  fluid, 
that  endeavours  either  to  get  in  or  out,  arrives  at  the  fur- 
face,  where  the  endeavour  is  made. 

Our  next  enquiry  is,  whence  this  power  arifes,  that  is 
thus  exerted  at  the  fur  faces  of  bodies. 

In  order  to  anfwer  this  enquiry,  I  fhall  firft  propofe 
the  examination  of  the  following  experiment,  agreably 
to  the  way  of  arguing  we  have  hitherto  made  ufe  of. 

Let  a  perfon  Handing  on  wax  eledtrify  a  tube,  and 
let  another  perfon  Handing  on  the  ground  take  as  many 


fnaps,  as  he  can  from  the  tube.  There  will  foon  be  a 
time,  when  the  perfon  on  the  ground  will  not  be  able 
to  get  any  more  fnaps. 

But  if,  when  this  happens,  the  perfon  on  the  wax 
lets  one  of  his  feet  on  the  ground,  and  keeps  it  there ; 
the  other  on  the  ground  may  take  fnaps  from  morning 
to  night,  if  he  pleafes. 

From  which  plain  experiment,  the  following  confe- 
quences  may  very  evidently  be  drawn. 

i°.  That  there  is  a  quantity  of  this  eleftrical  fluid  na¬ 
turally  in  the  perfon,  Handing  on  the  wrax,  that  by  the 
contrivance  in  making  the  experiment  is  thrown  into  the 
perfon,  Handing  on  the  ground. 

2°.  That  there  is  but  a  certain  limited  quantity  of 
this  fluid  in  the  perfon,  Handing  on  the  wrax.  Becaufe 
the  ceflation  of  the  fparks  fhews,  that  there  remains  no 
more  of  this  fluid,  that  at  firH  produced  them :  or  at  leaH, 
that  if  there  does  remain  fome  in  the  perfon,  it  has  not 
force  enough  to  pufh  out,  and  pafs  into  the  other,  that 
Hands  on  the  ground,  and  endeavours  to  take  a  fnap, 
as  he  did  before. 

30.  Therefore  thecaufe  of  the  fluid’s  palling  out,  and 
producing  the  fhap,  is  the  condensation  of  it  at  that 
part  of  the  perfon,  which  touches  the  tube  in  rubbing 
it ;  and  fo  long  as  this  condenfation  of  it  can  be  made 
with  a  degree  of  force  that  is  fuperior  to  the  refiflance 
made  againfl  its  efcape,  it  will  continue  to  produce 
foaps:  but  no  longer. 


4°.  Now 
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4°.  Now  the  perfon  ftanding  on  the  ground  mu  ft  be 
confidered  as  one  body  with  the  earth,  and  what  little 
fluid  is  thrown  into  him  cannot  produce  any  fenfible 
encreafe  of  denfity  in  the  immenfe  quantity  on  the  whole 
ftirface  of  the  earth  :  and  therefore  he  will  not  be  fen- 
fibly  electrified,  how  many  fnaps  foever  he  may  have 
taken. 

50.  When  the  perfon  on  wax  does  but  touch  the 
ground  with  his  foot,  he  likewife  mult  then  be  confidered 
as  one  body  with  the  earth,  and  confequently,  that 
the  degree  of  denfity  in  his  whole  body  cannot  be  fen- 
fibly  altered,  though  ever  fo  many  maps  are  taken ;  be- 
caufe  whatever  paffes  out  of  him,  paffes  into  the  other, 
i.  e.  in  their  prefent  circumftances,  paffes  into  their 
common  ftock  in  the  earth. 

6°.  In  thefe  circumftances  therefore  neither  of  thefe 
perfons  ought  to  continue  to  be  eleftrified,  according  to 
our  reafoning :  and  it  is  true  in  fact  that  they  do  not. 

7°.  Whence  it  feems  to  follow  that  every  animal  that 
ft  and  s  on  the  earth,  every  vegetable  that  grows  on  it,  the 
whole  watery  element  that  flows  upon  its  furface,  all 
minerals,  and  metals  within  the  earth,  as  well  as  the 
air  without,  partakes  of  this  common  ftock  in  the  gene¬ 
ral  courfe  of  nature :  without  being  fenfibly  electrified. 

Whence  therefore  arifes  their  refiftance  to  be¬ 
ing  fenfibly  electrified  ?  In  order  to  anfwer  this  } 
we  have  feen,  that  whilft  any  body  continues  to 
be  fenfibly,  or  perceptibly  electrified,  whether  it  be 

plus. 
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plus ,  or  minus y  in  any  of  the  experiments  made  on  them  by 
art,  there  is  an  atmofphere  of  this  eleftrical  fluid  formed 
round  them,  fufliciently  ftrong  to  ballance  every  power* 
that  endeavours  to  electrify  them  above  a  certain  degree: 
otherwife  they  might  be  eledtrified  more  and  more  with¬ 
out  limit . 

This  atmofphere  therefore,  thus  furrounding  the  fur- 
faces  of  bodies,  when  artificial  force  ele&rifies  them,  is 
what  refills  their  being  elettrified  mere ;  and  when  it 
abfolutely  prevents  it,  mu  ft  be  equally  denfe  and  power¬ 
ful  with  that  eledtricai  fluid  that  flows  from  the  excited 
tube,  or  fliachine,  which  endeavours  to  force  its  way 
through  thefe  atmofpheres  into  the  bodies,  in  order 
to  electrify  them  more. 

In  the  ordinary  and  quiet  manner,  in  which  the  im¬ 
perceptible  works  of  the  Author  of  nature  are  carried  on 
among  the  component  particles  of  the  grofs  bodies  on  or 
near  the  furface  of  the  earth;  this  fubtile,  aftive,  eledtri- 
cal  fluid,  which  not  only  furrounds  each  grofs  body,  but 
pervading  its  pores,  furrounds  every  component  par¬ 
ticle  of  it,  where  it  is  not  in  abfolute  contadt  with  its 
neighbouring  component  particle;  this  adtive  fluid,  I 
fay,  can  not  be  idle,  but  muft  be  in  action,  though  that 
adtion  be  imperceptible  to  our  fenfes:  and  it  muft  in  an 
imperceptible  degree  be  varying  its  condition  in  ail  the 
parts  of  bodies  whatever,  ire.  in  our  prefentway  of  ex¬ 
prefling  of  ourfelves,  be  electrifying  them  plus  or  minus y 
though  not  fo  forcibly,  as  to  give  fenfible  figns  of  it. 

I  We 
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We  may  therefore  not  unreafonably  conclude,  that  all 
bodies  whatever  in  their  natural  fituation,  and  all  their 
component  particles,  have  furrounding  their  furfaces, 
not  in  abfolute  contaCt  with  other  furfaces,  an  imper¬ 
ceptible  atmofphereof  eleCtrical  fluid  fufficient  to  ballance 
the  fmaller  force  with  which  they  are  attacked;  every  way 
fimilar  to  the  perceptible  atmofpheres  at  the  furfaces  of 
bodies  eleCtrified  forcibly  either  by  art,  or  the  violent  ex- 
plofions  in  nature. 

In  thefe  atmofpheres,  which  furround  the  furfaces  of 
all  bodies,  is  placed  the  power,  which  occafions  the  re- 
fiftance  found  experimentally  to  be  made  again#  thofe 
bodies  being  electrified  to  a  higher  degree,  than  they  are 
naturally  before  we  attempt  to  eleCtrify  them  percepti¬ 
bly  to  our  fenfes  :  and  the  power  is  the  elafticity  of  this 
fubtile  eleftrical  fluid,  every  where  difperfed  indeed 
where  grofs  bodies  are  out  of  the  way,  but  likewife  con¬ 
fined  within  bodies  differently,  according  to  their  different 
fituations  and  neighbourhood  to  other  bodies. 

And  thefe  atmofpheres  may  beencreafed,  or  diminifhed 
to  a  certain  degree  many  ways  by  art;  and  when  this  is 
done  with  violence,  the  natural  contexture  of  the  bodies 
is  altered  in  proportion  to  the  violence. 

Thus  we  fee  even,  by  the  fmall  force  of  our  eleCtrical 
machines,  very  manifeft  tokens  of  the  eleftrified  bodies 
not  only  parting  with  their  natural  fhare  of  the  eleCtrical 
fluid,  but  of  many  of  their  component  particles ;  which 
may  be  perceived  by  the  fmell  the  yield  on  being  electri¬ 
fied*  ' 
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fied,  and  the  rays  of  light  they  throw  out,  which,  mixing 
with  the  air,  occafions  real  Fire . 

Thefe  are  proofs  of  the  atmofpheres  being  encreafed, 
as  they  only  happen  on  the  fudden  diffipation  of  them  by 
art,  after  they  were  thus  encreafed.  Before  they  were 
thus  diflipated,  therefore,  they  kept  the  body,  they  en- 
clofed,  compact  and  entire  \  and  if  the  force,  which  had 
encreafed  them,  had  gradually  withdrawn  itfelf,  thefe 
atmofpheres  would  gradually  have  returned  to  their  na¬ 
tural  degrees  of  denfity,  and  the  bodies  to  their  natural 
ftate,  both  with  regard  to  their  component  particles, 
and  their  natural  fhare  of  this  fluid  and  of  the  rays  of 
light  within  them,  which  were  alldifturbed  and  in  aftion 
before. 

With  regard  to  the  encreafe  of  denfity  in  thefe  atmo¬ 
fpheres,  what  has  been  faid  may  be  little  efteemed  as  arif- 
ing  from  theory :  but  it  muft  be  remembered  that  this 
theory  has  been  very  carefully  raifed  from  experiments, 
and  can  only  be  deftroyed  by  fhewing  fome  fallacy  in  our 
reafoning,  or  fome  experiment  in  contradiftion  to  it. 
When  this  happens,  this  theory  mufl  either  give  way, 
or  be  improved. 

With  regard  to  the  diminifhing  the  degree  of  denfity 
in  thefe  atmofpheres,  I  fhall  produce  an  experiment  or 
two,  very  well  worth  attending  to,  as  I  think  they  will 
amount  to  an  experimental  proof,  the  beft  proof,  of  the 
vdiole  doftrinel  have  advanced  in  thefe  fheets. 

I  2 
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Glafej  w;e  have  obferved,  and  feen  in  experiments,  is 
the  moft  difficultly  eleCtrified  of  any  of  the  common 
bodies  we  try  our  experiments  upon  :  and  therefore  has 
the  moft  refitting  atmolphere  on  its  furfaces,  according 
to  our  way  of  reafoning,  by  which  it  fo  flrongly  refifts 
electrification,  /-  e .  the  denfeft  atmofphere. 

Metals  refift  being  electrified  with  much  lefs  force,  and 
confequently  have,  in  the  fame  way  of  arguing,  at- 
mofpheres  on  their  furfaces  which  refift  but  weakly, 
/.  e.  not  the  denfeft  atmofpheres. 

Heat  is  known  to  rarify  all  bodies,  both  fluid  or  folid, 
and  if  a  glafs  be  heated  to  a  certain  degree,  even  below 
melting,  it  will  conduCt,  as  it  is  called,  the  eleCtrical  fluid, 
i.  e.  it  will  refift  its  entrance  into  it,  or  its  exit  out  of  it, 
no  more  than  metals  do :  and  when  melted,  no  more 
than  water. 

A  fubtile  and  elaftic  fluid  moft  undoubtedly  muft 
be  rarefied  fooner  than  fo  denfe  a  body  as  glafs,  and 
therefore  it  feems  moft  probable  that  the  refilling  atmo- 
fphere  around  its  furfaces  is  rendered  equally  rare,  or 
weak  by  the  heat,  with  that  of  metals,  and  therefore 
refifts  the  paflage  of  the  eleCtrical  fluid  through  the 
glafs  no  more  than  brafs  or  any  other  metal  does. 

And  this  feems  to  be  confirmed  by  the  glafs’s  refilling 
this  paflage  through  it  more  and  more  as  it  gradually 
cools:  till  at  lafi  when  it  is  quite  cold,  it  refifts  as  forcibly 
as  ever  againft  any  entrance  of  the  electrical  fluid  into 
it* 
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Wax  is  a  fubftance,  which  refills  electrification  per¬ 
haps  as  much  as  glafs,  but  certainly  more  than  metals, 
whilfl  its  furface  is  every  where  frnooth  and  polifiied : 
but  wax  is  very  eafily  melted  with  a  final!  degree  of  heat; 
and  fo  its  atmofpheres  are  very  readily  brought  down  to 
the  fame  degree  of  rarity  with  thofe  of  metals:  andfo  wax, 
even  by  the  degree  of  heat  raifed  by  fridlion,  feems  to  be¬ 
come  a  conductor  of  the  electrical  fluid,  rather  than  any 
Hop  or  impediment  to  its  flow. 

The  fame  is  true  of  brimftone;  and  hence  will  appear 
the  reafon  of  the  appearances  in  the  following  ex¬ 
periment. 

If  a  glafs  globe  be  fo  placed  as  to  communicate  with  one 
end  of  the  bar  of  metal,  fufpended  on  filk  firings  in  the 
air,  and  a  fulphur  one  be  fo  placed,  as  to  communicate 
with  the  other  end  of  the  bar ;  and  both  be  fuppofed  to 
be  in  equal  order,  and  in  equal  motion,  and  equally 
rubbed,  the  bar  will  not  be  eledlrified  at  all ;  as  appears 
from  our  not  being  able  to  get  a  Angle  fpark  from 
it. 

Brimftone  is  clafied  with  glafs,  wax,  refin,  &c.  as 
naturally  refilling  being  eleftrified  with  confiderable 
force,  but  like  wax  does  not  refill  heat  on  fridlion  fo 
llrongly  as  glafs  ;  and  therefore  has  the  atmofphere  on 
its  furface  (by  which  it  refills  being  eledlrified)  more 
eafily  reduced  to  the  fame  degree  of  weaknefs  with 
that  of  metals,  by  fridlion,  than  the  atmofphere  on 
glafs. 


In 


In  the  experiment,  both  the  globes  are  fuppofed  to  be 
equally  in  motion,  i.  e.  equally  rubbed.  So  foon  there¬ 
fore  as  ever  this  rubbing  the  fulphur  globe  has  attenuated 
the  atmofphere  on  its  furface  by  heating  it,  the  globe 
and  the  machine,  that  moves  it,  become  conductors  of 
the  eleCtrical  fluid  that  is  thrown  into  the  bar  from  the 
glafs  globe,  and  convey  it  away  or  give  it  as  eafy  a  paf- 

fage  into  the  earth,  at  if  the  bar  itfelf  communicated  with 
the  earth. 

It  is  the  heat  therefore  arifing  from  the  friCtion  on  the 
globe  of  fulphur,  that  is  the  real  original  caufe  of  thefe 
appearances,  by  diminifliing  the  refiftance  which  fui- 
phur  naturally  makes  againft  being  eleflrified  when 
left  to  itfelf  unrubbed. 

And  accordingly,  when  the  globe  of  fulphur  is  kept, 
unrubbed,  without  motion ;  and  the  glafs  tube  is  put 
into  motion,  the  bar  will  be  electrified,  and  a  ipark  will 
readily  be  obtained. 

The  globe  of  fulphur,  which  naturally  refills  electri¬ 
fication  with  force  enough  to  be  clafled  with  glafs,  &c . 
whilft  it  is  left  to  itfelf,  changing  its  nature  thus  on  its 
furface’s  being  heated  by  friCtion,  and  becoming  a  ready 
conductor  of  the  electrical  fluid  through  the  machine, 
that  puts  it  into  motion,  into  the  earth  :  is  a  very  ftrong 
confirmation  of  the  truth  of  what  we  aflert,  that  the 

refiftance  to  being  eleCtrified  in  all  bodies  is  exerted  at 
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their  furfaces,  and  that  the  caufe  of  this  refiftance  is  an 

:  ...  i 

atmolphere  (lying  at  thefe  furfaces)  of  the  fame  eleCtrical 
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fluid  of  different  denfities  according  to  their  different 
circumff ances  with  regard  to  the  nature  and  quantity  of 
the  bodies  immediately  furrounding  them. 

Becaufe  it  (hows  us,  as  we  before  obferved  on  glafs 
and  wax,  that  heat,  arifmg  from  the  rubbing,  attenu¬ 
ates  the  eleCtrical  atmofphere  on  the  furface  of  the  ful- 
phur  globe,  and  fo  takes  off  the  caufe  (in  our  way  of 
reafoning)  of  the  refiftance,  that  fulphur  naturally  makes, 
to  being  eleCtrified. 

To  make  it  ftill  plainer  that  the  refiftance  to  eleCtrifi- 
cation  is  made  at  the  furfaces  of  bodies,  I  will  fhew  in 
the  following  very  curious  experiments,  that  the  electrical 
fluid  in  paffing  from  one  body  to  another  will  always 
take  that  way,  in  which  it  meets  with  the  feweft  furfaces 
to  break  through. 

Let  a  Leyden  bottle,  that  has  a  hook  in  its  coating,  be 
eleftrified  and  fet  down  on  glafs,  and  left  to  itfelf.  Let 
one  end  of  a  clean  chain  (fuch  a  one  as  is  commonly  ufed 
for  a  jack,  but  rather  lighter)  be  fixed  on  to  the  hook  in 
thecoating;  and  leta  perfon  grafpthe  coatingof  the  bottle 
with  one  hand,  and  with  the  other  hand  bring  the  other 
end  of  the  chain  and  his  finger  and  thumb  that  holds  it, 
at  the  fame  time  into  contaCt  with  the  wire  of  the  bot¬ 
tle.  Here  then  are  two  ways  offered  for  the  eie&rical 
fluid  to  pafs  from  the  wire  to  the  coating,  either  through 
the  perfon,  or  the  chain  :  and  if  the  links  of  the  chain 
hang  loofely  on  one  another,  it  paffes  through  the  per¬ 
fon,  and  he  is  fhocked  very  nearly  as  much  as  if  the 

chain. 
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chain  was  not  there.  But  if  the  chain  be  ftretched  by 
any  contrivance,  fo  that  its  links  are  all  in  abfolute  con- 
rad  with  each  other,  the  fluid  will  pafs  through  the 
chain,  and  the  perfon  will  feel  no  fliock  at  all.  And 
this  will  be  the  cafe,  let  the  chain  be  ever  fo  long. 

Whence  it  follows,  that  the  electrified  fluid  does  not 
always  pafs  from  one  body  to  another  by  the  Jhortefi  way , 
but  on  the  contrary  it  will  go  about ,  and  pafs  that  way 
in  which  it  meets  with  leaji  refiftance. 

Now  if  the  chain  alone  forms  the  communication  be¬ 
tween  the  wire  and  coating  of  the  bottle,  and  it  is  fpread 
fo  on  a  table,  that  the  links  of  it  fcarce  feem  to  touch 
one  another  ;  there  will  not  only  be  a  fpark  feen  on  the 
approach  of  the  end  of  the  chain  to  the  wire  of  the  bottle : 
but  a  number  of  them  will  appear  very  vifibly,  when  the 
experiment  is  made  in  the  dark,  viz.  at  every  place, 
where  the  links  do  not  abfolutely  touch  one  another. 
But  when  the  chain  is  ftretched  tight  enough  to  have 
every  link  in  abfolute  contaft  with  its  neighbouring 
links,  there  appears  but  one  fpark  on  bringing  the  end 
of  the  chain  to  the  wire  of  the  bottle  the  whole  chain 
then  forming  one  continued  metal. 

By  the  appearance  of  thefe  fparks,  or  their  non-appear¬ 
ance,  we  j  udge  whether  the  eleClrical  fluid  pafies  through 
the  chain  or  no. 

Now  in  thefe  experiments,  we  have  feen  that  when 
the  links  of  the  chain  were  loofe,  the  perfon  was  (hocked, 
and  the  fluid  pafied  through  him ;  and  that  it  did  not 

pafs 
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pafs  likewife  through  the  chain  appears  from  the  ex¬ 
periment,  becaufe  no  fuch  fparks  appear  between  the 
links. 

Whence  we  may  fairly  conclude,  that  the  refiftance 
made  to  the  paflage  of  the  eleftrical  fluid  through  the 
chain,  arifes  from  the  fum  of  the  refiftances  at  the  differ¬ 
ent  furfaces  of  the  links,  it  was  to  break  its  way  through, 
in  pafling  through  the  chain.  Becaufe  when  the  links  were 
forced  into  contaft  with  each  other,  and  fo  the  whole 
chain  was  made  one  continued  metal,  this  refiftance  is 
entirely  taken  off,  the  perfon  is  not  at  all  affefted  on  the 
difeharge  of  the  bottle,  nor  do  any  fparks  appear  be¬ 
tween  the  links. 

Now  if  the  experiment  be  repeated  in  the  following 
manner,  this  confequence  will  be  ftill  plainer.  Let  one 
end  of  a  wire,  ever  fo  long,  be  faftened  to  the  hook  at 
the  coating  of  the  bottle,  as  well  as  the  chain,  and  let 
a  perfon,  grafping  the  bottle,  as  before,  bring  the  other 
ends  of  both  the  wire  and  the  chain  into  contaft  with 
the  wire  of  the  bottle,  and  let  the  links  of  the  chain  lie 
loofe  on  the  table;  or  let  the  chain  not  be  ftretched. 

Here  are  plainly  three  ways,  the  eleftrical  fluid  may 
pafs  on  the  difeharge  of  the  bottle,  through  the  perfon, 
through  the  chain,  or  through  the  wire :  and  the  event 
of  the  experiment  fhows  that  it  does  not  pafs  through  the 
perfon,  becaufe  he  feels  no  fliock ;  and  that  it  does  not 
pafs  through  the  chain,  becaufe  no  fparks  are  feen  be¬ 
tween  the  links ;  and  therefore  that  it  pafles  through 
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the  wire,  where  it  meets  with  but  one  furface  to  break 
through ;  viz .  the  furface  at  the  end  that  is  brought  to 
the  wire  of  the  bottle,  the  other  end  of  it  being  fuppofed 
to  be  in  contact  with  the  hook  at  the  coating  of  the 
bottle. 

I  fhall  obferve,  by  the  by,  that  no  one,  who  had  not 
made  the  experiment,  would  imagine  with  how  much 
force  the  chain  muft  be  ftretched  before  the  experiment 
will  anfwer,  and  the  eledlrical  fluid  pafs  through  it  with¬ 
out  producing  a  fpark  at  any  of  the  links,  i.  e.  before 
the  links  can  be  brought  into  abfolute  contact  with  each 
other  :  which  one  would  naturally  think  their  weight 
alone  would  be  fufficient  to  do. 

But  it  appears  that  their  weight  will  not  do  this,  but 
that  fome  additional  force,  independent  of  themfelves, 
or  their  weight,  is  required  to  bring  them  into  abfolute 
conta£h 

This,  therefore,  is  a  ftrong  confirmation  of  Sir  Ifaac 
Newton  s  aflertion,  that  when  a  convex  glafs  is  laid  upon 
a  plane  glafs,  they  do  not  abfolutely  touch ;  but  that 
they  muft  be  fqueezed  together  with  fome  force  before 
they  can  be  brought  into  abfolute  contaft,  foas  to  produce 
the  effefts  vifible  in  fome  of  his  niceft  experiments,  which 
depend  on  their  abfolute  continuity. 

From  all  thefe  obfervations,  and  experiments,  we 
'may  conclude,  that  the  power  which  produces  the  refift- 
ance  we  find  in  bodies  to  be  eleftrified  either  plus  or 
minus i  is  the  elafticity  of  thefe  fmall  atmofpheres  of  the 

elefhieai 
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eleCtrical  fluid,  which  are  formed  at  all  their  furfaces 
by  the  actions  between  the  particles  of  this  fluid  (both 
within  and  without  bodies)  and  the  component  particles 
of  the  bodies :  and  therefore  mult  be  different  at  the 
furfaces  of  different  bodies. 

We  fhall  in  the  next  place  endeavour  to  explain,  how 
light  bodies  at  confiderable  diftances  from  an  electrified 
body,  are  driven  to  and  from  that  body. 

We  have  feen,  that  on  bringing  an  excited  tube  near 
the  middle  of  a  bar,  it  eleCtrifies  it  minus ,  and  confe- 
quently,  puts  the  eleCtrical  fluid  within  it  into  a  ft  ate  of 
dilatation^  whence  we  may  conclude  in  general,  that  this 
fluid  every  way  furrounding  the  tube  in  the  air  to  a 
certain  diftance,  is  in  the  fame  manner  put  into  a  ftate  of 
dilatation  s  and  in  confequence  of  this,  that  beyond  that 
diftance,  it  muft  be  put  into  a  ftate  of  condenfation :  or 
more  properly,  that  this  fluid  is  rarer,  than  it  naturally 
is  near  the  furface  of  the  excited  tube,  and  grows  gra¬ 
dually  denfer  and  denfer,  till  at  that  diftance,  to  which 
the  power  of  the  tube  extends,  it  returns  to  its  natural 
denfity  again. 

Whence  it  will  follow,  that  any  light  body,  that  is 
within  this  diftance,  will  be  forced  from  the  denfer  to 
to  the  rarer  part  of  this  fluid  furrounding  thus  the  ex¬ 
cited  tube ;  and  fo  feem  to  be  attracted  by  it. 

But  as  foon  as  this  light  body  in  pafling  thus  from  the 
denfer  part  of  this  fluid  through  the  rarer,  during  its 
approach  to  the  excited  tube,  becomes  fufficiently  elec^ 
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trifled  to  have  an  atmofphere  collected  round  it,  of  the 
fame  nature  with  that  of  the  excited  tube,  it  muff,  as 
has  been  fhewn  before,  be  driven  back  again  from  the 
tube  :  and  that  its  being  thus  driven  back  again,  is  ow¬ 
ing  to  its  having  acquired  fuch  an  atmofphere,  is  evident 
from  this,  that  whenever  afterwards  it  comes  near  any 
body  more  eafily  eleftrified  than  itfelf,  and  communi¬ 
cating  with  the  ground,  its  eleftrical  atmofphere  is  diffi- 
pated  ;  and  it  immediately  returns  to  the  tube  again ;  for 
the  fame  reafon,  as  at  firft. 

Thus  have  we  gone  through  the  molt  interefting  of 
the  eleftrical  experiments,  and  from  the  various  appear¬ 
ances  they  afford,  it  appears,  that  the  eleftrical  fluid 
is  as  univerfal  and  powerful  an  agent  at  or  near  the 
furface  of  the  earth,  as  that  fluid,  which  Sir  Ifaac  Newton 
in  his  Optics ,  calls  aether ;  that  it  is  as  fubtile  and  elaftic 
in  its  nature,  as  aether  is;  and  as  aether  does,  that  it  per¬ 
vades  the  pores  of  all  bodies  whatever,  that  we  are  con- 
verfant  with ;  is  difperfed  through  whatever  vacuum 
it  is  in  our  power  to  produce  by  art;  and  from  the  natu¬ 
ral  phenomena  of  Thunder,  Lightning,  &c.  feems 
to  be  extended  to  very  great  diftances  in  the  air. 

We  fhall  make  no  fcruple  therefore  now  to  affirm,  that 
thefe  two  fluids  are  one  and  the  fame  fluid;  as  it  is  much 
more  philofophical  to  do  fo,  than  to  fuppofe  two  fuch 
fluids,  each  of  them  equally  capable  of  producing  thefe 
effefts,  and  equally  prefent  every  where;  which  would  be 
multiplying  caufes,  where  there  is  no  manner  of  occafion. 
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-  The  word  ekBricaU  is  of  too  confined  a  meaning  to 
be  a  proper  epithet  for  a  fluid  of  fo  univerfal  an  activity 
as  this  is  found  at  laft  to  be,  from  the  experiments  we 
have  been  confidering,  becaufe  it  exprefies  its  power  but 
partially. 

EleBricity  means  no  more  than  the  power  we  giv© 
bodies  by  rubbing  them,  to  attract  and  repell  light  bodied 
that  are  near  them,  in  the  fame  manner  as  amber  does* 
when  it  is  rubbed.  But  this  fluid  not  only  makes  light 
bodies,  that  are  near  an  eleft rifled  body  fly  to  and  from 
that  body,  and  fo  appear  to  be  attracted  and  repelled :  but 
it  heats  them  by  putting  their  component  particles,  and 
the  particles  of  air  and  light  within  them,  into  a  vibrating 
motion ;  and  makes  them  throw  out  the  rays  of  light 
that  before  lay  hid,  and  part  with  their  fulphureous  and 
volatile  component  particles,  which,  with  the  rays  of  light, 
on  mixing  with  the  air,  burft  out  into  fparks  of  real 
culinary  fire,  as  the  chemifts  exprefs  themfelves  ;  nay, 
more,  in  pafling  through  animals,  it  occafions  convul- 
lions,  tremors,  pain,  and  death  fometimes :  and  in 
pafling  violently  through  leaf  gold,  held  tight  between 
two  pieces  of  glafs,  makes  a  fufion  both  of  the  gold  and 
the  furfaceof  the  glafs,  fo  inftantaneoufly,  that  no  fenfible 
heat  remains  in  them,  and  they  immediately  after  be¬ 
come  incorporated,  and  form  an  enamel. 

It  is  likewife  improper  to  call  this  fluid,  Fire » 

Air  may  juft  as  properly  be  called  found,  as  this  fluid 
eanbe  called  fire..  When  found  is  produced,  the  parti- 
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cles  of  the  air  are  put  into  lb  regular  a  motion  as  to  con¬ 
vey  fuch  fenfations  by  means  of  the  ear  as  raile  the  idea 
of  found.  But  air  is  not  therefore  found.  In  the  fame 
manner,  when  a  body  has  all  its  component  particles 
thrown  into  fuch  agitations  in  the  air,  by  the  force  and 
aftion  of  this  fluid  within  it  and  without  it,  that  it 
grows  hot,  and  fhines,  and  glows  and  confumes  away  in 
fmoak  and  flame,  we  fay  the  body  is  on  fire,  or  burns ; 
but  this  fluid  is  not  therefore fire :  nor  can  it,  without  con¬ 
founding  our  ideas,  have  that  name  given  to  it $  nor 
indeed  can  fire  be  called  a  Principle ,  or  Element  in  the 
chemift  s  fenfe  of  the  word,  any  more  than  found  can* 

Sir  Ifaac  Newton,  at  the  end  of  the  Principia ,  in  the  fe- 
cond  edition,  anno  1713,  defcribes  this  fluid  and  its 
effedls  in  the  following  words,  and  fays  exprefsly,  that  it  is 
the  caufe  of  the  eleftricity. 

<c  Adjicere  jamliceret  nonnulla  defpiritu  quodamfubti- 
liflimo  corpora  crafla  pervadente  et  in  iisdem  latente : 
cujus  vi,  et  aftionibus  particulae  corporum  ad  minimal 
difiantias  fe  mutuo  attrahunt,  et  contiguae fiaBce  coherent: 
et  corpora  eleBrica  agunt  ad  difiantias  majores  tam  repel * 
Undo  quam  attrahendo  corpufcula  vicina :  et  lux  emittitur, 
reflectitur,  refringitur,  infleftitur,  et  corpora  calefacit : 
et  fenfatio  omnis  excitatur,  et  membra  animalium  ad 
voluntatem  moventur  vibrationibus  fcilicet  hujus  fpiritus 
per  folida  nervorum  capillamenta  ab  externis  fenfuum 
organis  ad  cerebrum,  et  a  cerebro  ad  mufculos  propaga- 
tis.  Sed  haec  paucis  exponi  nonpoflunt^  neque  adefl: 

fufficiens 
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fufficiem  copia  cxperi merit  or um ,  quibus  leges  aCtionum 
hujus  fpiritus  accurate  determinare  et  monftrari  de- 
bent.” 

No  one,  we  think,  can  read  this  paragraph,  after 
having  confidered  the  appearances  in  the  experiments 
defcribed  above,  without  recollecting  inftances  in  fome 
one  or  other  of  them,  of  almoft  all  the  effeCts  of  this 
fluid,  enumerated  in  it :  and  agreeing  with  us,  that  the 
other  appearances  among  eleftrified  bodies,  as  well  as 
that  of  their  repelling  and  attracting  light  bodies  that  are 
near  them,  may  all  of  them  arife  from  the  force  and 
aftion  of  this  fluid,  on  the  component  particles  of  the 
bodies  \  on  the  rays  of  light  within  them  \  and  on  the  air 
they  are  in  ;  and  the  reaction  of  thefe  upon  the  aether. 

When  a  flint  and  fteel  are  ftruck  together  with  fuffi- 
cient  force  and  velocity,  a  fpark  of  fire,  as  we  call  it,  is 
produced,  which  readily  fires  gunpowder,  or  lights  tin¬ 
der  :  but  foon  cools,  if  left  to  itfelf. 

Now  if  fuch  a  fpark  be  caught  on  afheet  of  paper,  and 
examined  in  a  microfcope,  it  will  be  found  to  be  a  piece 
either  of  the  flint  or  of  the  fteel,  ftruck  off,  fo  exaftly 
fpherical,  and  polifhed,  that  the  windows  of  the  room 
may  be  feen  in  it  in  the  fame  manner  as  they  are  in  a 
large  polifhed  fphere  of  metal  or  glafs:  and  they 
could  not  be  fo  fpherical,  and  well  polifhed,  as  they  are 
found  to  be,  if  they  had  not  been  melted  and  kept  in  this 
form  by  the  cohsefion  of  their  component  particles. 
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In  either  of  thefe  cafes,  a  piece  of  flint  or  fteel  li 
evidently  feparated  from  the  body,  and  its  component 
particles  put  into  fuch  agitations  among  each  other,  as  to 
throw  off  the  rays  of  light  that  were  among  them,  and 
Ihine  and  melt,  and  afterwards  cool  in  a  fpherical  form : 
by  the  adlion  of  the  aether  on  light  and  air,  and  thefe 
component  particles  ;  and  the  reaction  of  thefe  upon  the 
aether;  on  their  being  all  put  into  adlion  at  once  by  the 
brifknefe  of  the  ftroke. 

There  would  have  been  no  fuch  fpark  produced,  if  any 
of  thefe  had  been  wanting ;  and  confequently,  they  are 
all  neceflary,  though  perhaps  not  equally  fo,  to  the  pro¬ 
ducing  of  this  effedt ;  the  aether  feeming  to  be  as  power¬ 
ful  an  agent  as  any  amongfl:  them  ;  without  which  the 
inteftine  motion  among  the  component  particles  of  the 
piece  ftruck  off,  could  not  have  been  kept  regularly 
up,  even  for  the  very  fmall  time  in  which  thefe  changes 
are  made  in  that  piece. 

In  the  fame  manner  are  the  appearances  of  light  in 
thefe  eledtrical  experiments,  whether  in  faint  ftreams  of 
different  colours,  or  in  bright  and  adtive  fparks,  to  be 
confidered  ;  as  arifing  from  fmaller  parts  of  grofs  bodies 
feparated  from  them,  and  carried  off  by  the  adlivity  of  the 
excited  aether,  paffing  from  one  body  into  another ;  which, 
parts,  though  imperceptible  to  us,  muff  have  their  com¬ 
ponent  particles  put  into  agitations  amongfl:  themfelves, 
and,  in  being  decompofed,  part  with  the  light  (that  be¬ 
fore  lay  hid  within  them)  and  their  moft  volatile  parti¬ 
cles  ; 
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cles ;  and  fo  ftiine,  and  fmell,  and  explode  in  palling 
through  the  air. 

And  not  only  thele  appearances  of  light,  fparks,  and 
explofion,  but  the  effedts  of  them  on  bodies,  expofed 
to  them  in  eledtrical  experiments,  feem  all  to  be  explicable 
by  the  mutual  adtion  and  readrion  of  the  aether,  of  the 
component  particles  of  the  fmall  parts  of  bodies  thrown 
off  in  thefe  experiments,  of  the  particles  of  light  within 
thefe,  and  of  the  air,  one  upon  another,  when  they  are 
once  made  adtive  by  fridtion. 

A  more  minute,  or  exadt  explanation  of  every  parti¬ 
cular  appearance  of  this  kind  in  each  eledtrical  experi¬ 
ment,  we  were  to  confider,  was  never  defigned  in  this 
enquiry  ;  as  has  been  faid  before.  Our  intention  being 
only  to  fhew  from  a  number  of  experiments,  moft  of 
which  were  known  to  thofe  converfant  in  thefe  things, 
that  whatever  fluid  was  the  caufe  of  the  very  furprifing 
effedts  produced  in  them,  mull  be  of  the  fame  nature, 
and  as  univerfal,  and  as  powerful,  as  the  sether  which 
Sir  Ifaac  in  his  Optics  fufpedts  even  to  be  the  caufe  of  gra¬ 
vity. 

Thefe  experiments,  therefore,  feem  to  us  fo  many 
confirmations  of  the  exiftence  and  properties  of  fuch  a 
fubtile,  elaftic  fluid  every  where  difperfed  about  the  earth; 
and  though  they  fliould  not  be  thought  abfolutely  to  prove 
its  exiftence  every  where,  they  may  be  fairly  added  to  the 
number  of  thofe  experiments,  that  cannot  be  fatisfac- 
torily  explained  without  it :  and  by  putting  us  in 
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a  right  track,  may  perhaps  enable  us  to  obtain  a  fufficient 
plenty  of  thefe  fort  of  experiments  to  make  us  certain 
there  is  fuch  a  fluid  actually  exifting  every  where ;  and 
what  the  laws  of  its  addon  are. 

If  the  laying  thefe  experiments  in  the  order  we  have 
done,  and  our  reafoning  upon  them,  fliall  any  way  con¬ 
duce  to  fo  valuable  an  end ;  we  fliall  think  our  time  very 
well  employed,  and  our  purpofe  anfwered. 

We  are  very  fenfible,  that  there  remains  to  be  ex¬ 
plained,  how  rubbing  a  tube  rarifies  the  aether  around  it; 
nay  more,  how  the  tube  once  excited  by  rubbing  will 
retain  this  virtue  for  a  confiderable  time  after  the  rub¬ 
bing  has  ceafed  :  but  this  we  mu  ft  leave  to  another  op¬ 
portunity,  the  explanation  of  it  necefTarily  leading  to 
greater  lengths,  than  our  prefent  defign  feems  to  require. 

We  (hall  only  add,  with  regard  to  Sir  Ifaac  Newtony 
that  this  opinion  of  his  was  no  new  one,  taken  up  in  his 
latter  days,  in  order  to  obviate  the  trifling  objections  of 
foreign  philofophers  againft  the  ufe  he  made  of  the  words 
AttraCdon  and  Cohefion;  but  was  the  refult  of  his  ex¬ 
periments  in  Optics ,  the  greateft  part  of  which  he  made 
long  before  the  Principia  was  publifhed :  and  in  order 
to  fliew  this,  as  well  as  the  ftridl  adherence  to  the  truth 
of  appearances  he  obferved  in  all  his  philofophy ;  we  fliall 
conclude  with  a  fentence  or  two  out  of  the  Preface  to 
the  firft  edition  of  the  Principia ,  printed  in  the  year 
1686:  recommending  them  to  the  confideration  of  every 

one. 
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one,  who  is  difpofed  to  a  philofophical  enquiry  into 

”r  ' 

any  part  of  the  works  of  the  great  Author  of  all  nature. 

uOmnis  enim  Philofophiae  difficultas  in  eoverfari  vide- 
tur  ut  a  phaenomenis  motuum  inveftigemus  vires  naturae; 
delude  ab  his  viribus  demonftremus  phenomena reliqua: 
et  hue  fpectant  propofitiones  generales  quas  libro  primo 
et  fecundo  pertraftavimus. 

In  libro  autem  tertio  exemplum  hujus  rei  propofuimus 
per  explicationem  fyftematis  mundani. 

Ibi  enim  ex  phaenomenis  cceleftibus,  per  propofitiones 
in  libris  priori  bus  mathematice  demonftratas,  derivanter 
vires  gravitatis,  quibus  corpora  ad  folem  et  planetas 
fingulos  tendunt.  Deinde  ex  his  viribus,  per  propofi¬ 
tiones  etiam  mathematicas  deducuntur  motus  planeta- 
rum,  cometarum,  lunae,  et  maris. 

■  /.  i  *  '  ,  v  '  }  ■  •  •  1 

Utinam  caetera  naturae  phaenomena  ex  principiis 
mechanicis  eodem  argumentandi  genere  derivare  liceret. 

Nam  mult  a  me  movent  ut  nonnihil  fufpicer  ea  omnia  ex  vi~ 
ribus  quibufdam  pender e  pojje y  quibus  corporum  parti culce  per 
caufas  nondum  cognitas ,  vel  in  fe  mutuo  irnpelluntur  et  fecundum 
Jiguras  regulares  coherent ,  vel  ab  invicem  fugantur  et  rece - 
dunt :  quibus  viribus  ignofis ,  philofophi  haBenus  naturam 
frujlra  tentarunt . 

Spere  autem  quod  huic  philofophandi  modo,  vel  veriori 
alicui,  principia  hie  pofita  lucem  aliquam  praebebunt.” 
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POSTSCRIPT. 

WE  cannot  help  befpeaking  the  reader s  candour 
with  regard  to  the  difficulty  of  expreffion  on  fo 
nice  a  fubjeft,  as  well  as  the  difficulty  of  defcribing  with 
accuracy  all  the  circumftances  in  thefe  nice  experiments 
which  are  neceflary  to  the  produftion  of  the  appearances 
we  argue  from ;  and  mufl  take  upon  us  at  the  fame  time  to 
afifure  beginners,  or  thofe  not  very  converfant  in  making 
thefe  experiments,  that  they  mufl:  not  conclude  they  are 
not  true,  becaufe  they  cannot  make  them  fucceed. 

The  many  and  nice  precautions  in  making  all  forts  of 
eleftrical  experiments  with  accuracy,  may  be  feen  very 
carefully  enumerated  at  the  beginning  of  Mr  Wiljoiis 
treatife  on  Electricity  $  and  to  the  fame  treatife  we  refer 
for  the  experiments,  from  which  we  deduce  the  cir¬ 
cumftances  in  which  bodies  differ  in  their  degrees  of  re- 
fiftance  to  being  electrified  anduneledtrified;  mentioned 
page  3  and  4  of  thefe  Obfervations . 

•  „  ...  \ .. ...  , .  ■  , .. 

finis 
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Page  5,  Line  23,  for Jfrogly,  read  frongly. 
Page  47,  Line  dele  to. 

Line  6,  dele  be. 

Page  62,  Line  8,  for  u /,  read  as. 


